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SITE NAME: Maunabo Solid Waste Disposal EPAID NO.: PRD980512420
ADDRESS: State Road PR 759 km 2.5 LATITUDE: 18°00°54" N
Palo Seco Barrio LONGITUDE: 66°55' 25" W

Maunabo, Puerto Rico 00707

1.0 SITE SUMMARY

The Maunabo Solid Waste Disposal (SWD) Site is a 7.66-acre active municipal landfill located in the
Palo Seco Barrio of Maunabo, a municipality of approximately 11,800 persons in southeastern Puerto
Rico. The landfill is in a rural area 1 mile northwest of the Maunabo urban center, which has a
population of approximately 3000. in the immediate vicinity of the site there are sugar cane and
banana fields. There are residences 200 yards north of the site entrance. The site is at an elevation of
approximately 50 feet above mean sea level (MSL), on higher ground than the fields to the east,
south, and west, but below the slope that rises on the north. The Rio Maunabo, 1500 feet south of
the site, flows southeast toward the Caribbean Sea, almost 3 miles downstream. The landfill sits
adjacent to the floodplain of the Rio Maunabo. Groundwater and surface water supplies within 3
miles of the site are used for drinking water. The four wells used for Maunabo municipal water
supply are all between 1 and 2 miles downgradient from the site.

The Maunabo SWD in Palo Seco has been active since 1974. It receives approximately 75 to 122 cubic
meters of municipal garbage daily. There is no evidence in the available information of current or
former hazardous waste disposal at the site. The landfill has been cited by the Environmental
Quality Board (EQB) for deficiencies nu/memus times in the past. The most recent documentation of
deficiencies was an October 1987 letter from the EQB to the Mayor of Maunabo. Violations listed
include the lack of facilities and equipment necessary for the proper operation of a landfill, the
absence of a fence surrounding the landfill, and inadequate security. The site was also noted to have
erosion problems, and the loose cover material allows leachate generation in the system. The cover
material and underlying deposits are the same highly permeable sandy alluvial deposits.

During a site inspection conducted by NUS Corporation Region 2 FIT on February 2, 1989, it appeared
as though the deficiencies at the landfill had not been addressed. The same loose cover material was
being used, and there was much exposed garbége, particularly around the edges bordering the
fields. Exposed items include junked cars, tires, and a few drums, as well as household garbage.
Some solid waste appeared to have fallen beyond the limits of the landfill area, which still was not
defined by a fence. Five soil samples were collected to determine the presence or absence of
hazardous contaminants at the site. One soil sample, collected near some oily ponded water near
the south edge of the site, contained 620 parts per billion (ppb) of phenol and 88.6 parts per million
(ppm) of lead. Other contaminants were also found in this and other soil samples. The results of
sample analyses are discussed in Section 4.0.

Ref. Nos. 1-9, 11,12, 16, 17,18



02-8811-24-51
Rev. No. 0

2.0 SITEINSPECTION NARRATIVE

2.1 EXISTING ANALYTICAL DATA

There is no evidence in the available information to indicate that sampling occurred in connection

with the Maunabo SWD Site prior to the site inspection conducted by NUS Corporation on
February 2, 1989.

Ref. Nos. 1,3
2.2 WASTE SOURCE DESCRIPTION

Approximately 75 to 122 cubic meters of municipal garbage has been disposed of daily in the unlined
landfill since its operatnon began in 1974. There is no evidence in the available information to
suggest that hazardous waste has been disposed of at the landfill. Uncovered items observed during
the NUS Corporation site inspection include numerous junked cars, tires, large appliances, and some
small drums. The coarse sandy material that underlies the site and is also used as cover material is
highly permeable and, as a result, during rainstorms waste may be transported off site via surface
runoff or seepage. In an October 1987 letter from the Environmental Quality Board (EQB) to the
Mayor of Maunabo, the landfill was cited for “allowing leachate to flow through the system"” due to

loose cover material. A June 1981 EQB internal memorandum also cited the landfill for erosion
problems.

During the NUS Corporation Region 2 FIT site inspection, five soil samples were collected to
determine the presence or absence of priority pollutants at the landfill. Sample locations are

indicated on Figure 2in Section 3.0.Results of the sample analyses are discussed in Section 4.0.

Ref.Nos. 1,3,4,5, 18
2.3 GROUNDWATER ROUTE

The Maunabo SWD is located adjacent to the Rio Maunabo floodplain. The main aquifer in the Rio
Maunabo drainage basin is alluvium as thick as 200 feet consisting of sand, silt, clay, and gravel, with
lenticular deposits of sand, gravel, and cobbles. The average permeability of these alluvial deposits is
greater than 103 cm/sec. This highly permeable unit contains the water table at a depth of
approximately 33 feet below ground surface in the area of the site. Groundwater flows southwest

locally and southeast toward the Caribbean Sea regionally. The net precipitation in the area is
approximately 4.35 inches.
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The San Lorenzo batholith, which forms most of the mountainous terrain surrounding the Rio
Maunabo drainage basin, is a larger but less significant water-bearing unit than the alluvial deposits.
It is @ plutonic mass of mostly granodiarite and quartz diorite that is highly weathered in some

places, allowing for good water-storage capabilities. As a whole, though, it is a less productive unit
than the alluvium.

There are four Commonwealth of Puerto Rico Aqueduct and Sewer Authority (PRASA) wells
between 1 and 2 miles southeast of the site. Their locations are shown on the Three-Mile Vicinity
Map included as Ref. No 2. They are the municipal supply wells for Maunabo, which has a
population of approximately 11,800. The closest well to the site is the PRASA Maunabo 3 well, 1.0
mile southeast of the site. There is a transient-clientele (i-e., restaurant) community well located in
the Talante barrio north of the site. The available information does not indicate the existence of any
other wells within 3 miles of the site.

The Maunabo SWD was previously cited for having cover material that is too loose, allowing
leachate to flow through the system. There is a strong potential for groundwater contamination
from this leaching process if hazardous substances are present in the landfill. However,
groundwater samples were not collected during the NUS Corporation site inspection because it was

determined that representative upgradient and downgradient samples were not available from
existing wells.

Ref. Nos. 1-4,9-17
2.4 SURFACE WATER ROUTE

The Maunabo SWD sits on higher ground than the fields to the east, south, and west. The sides of
the landfill slope rather steeply toward these fields, and the overall site slope is estimated to be
approximately 5 percent toward the south-southeast. The adjacent fields are lying almost flat on the
Rio Maunabo floodplain with an estimated slope of less than 1 percent. The Rio Maunabo is located
1500 feet south of the landfill and flows generally to the southeast. It is the main river in the area,
and it flows into the Carribbean Sea almost 3 miles downstream from the site. Surface water is used
for some small community water supplies within 3 miles of the site, but it appears from the available
information that the intakes are not downstream of the site. Notes included in Ref. No. 3 indicate
that the Rio Maunabo is used for recreation.

During the NUS Corporation site inspection, it was noted that loose cover material and exposed
garbage could lead to contaminant migration via surface runoff. The site has a history of erosion
problems. However, specific drainage paths between the site and the Rio Maunabo were
indeterminate due to the amount of vegetation on the adjoining fields. Therefore, surface water
and sediment samples were not collected
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The 1-year 24-hour rainfall in the area is 4.5 inches. There are no sensitive environments within 2
miles of the site.

Ref. Nos. 1-4,6, 11, 12

2.5 AIR ROUTE

During the NUS Corporation site inspection, readings of 15 to 20 ppm above background of methane
were detected approximately 20 feet north of soil sample location PR22-S4. Readings of 40-70 ppm
above background were detected on the HNu photoionization detector in a drum near the

northeast corner of the landfill. There were no readings above background in the ambient air near
the drum.

The cover material used at the site is highly permeable and some garbage is exposed, so if hazardous
volatile or semivolatile compounds exist, there is a potential for their release to the air. There is no
evidence in the available information of burning of wastes or receipt of hazardous wastes at the
landfill. There are no historic landmarks within view of the site.

Ref. Nos. 1, 3
2.6 ACTUAL HAZARDOUS CONDITIONS

No other hazardous conditions pertaining to human or environmental contamination have been
documented. Specifically:

° Contamination has not been documented either in organisms in a food chain leading

to humans or in organisms directly consumed by humans.

° There have been no documented observed incidents of direct physical contact with
hazardous substances at the facility involving a human being (not including

- occupational exposure) or a domestic animal.

L There have been no documented incidents of damage to flora or fauna that can be
attributed to the site.
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There is no documented contamination of a sewer or storm drain.

A fire marshall has not certified that the facility presents a significant threat of fire

and/or explosion. NUS Region 2 FIT field observations do not evidence a significant
threat of fire or explosion.

There is no direct evidence of release of a substance of concern from the facility to
the groundwater.
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SCALE: 1= 1688

SITE LOCATION MAP
MAUNABO SOLID WASTE DISPOSAL, MAUNABO, P.R.
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EXHIBIT A
PHOTOGRAPH L0G

MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

OFF-SITE RECONNAISSANCE: JANUARY 10, 1989
SITE INSPECTION: FEBRUARY 2, 1989



Photo Number

1R-14P
1R-15P

1R-16P

1R-17P
1R-18P

IR-19P

02-8811-24-S1
Rev. No. 0

MAUNABQ SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO
OFF-SITE RECONNAISSANCE
JANUARY 10, 1989

PHOTOGRAPH INDEX !

Description Time

Looking northeast at the site entrance, gate, and sign. 0815

Looking east at the site access road that leads up to the 10816
fill area.

Looking northeast toward the site. The banana field is in 0830

the foreground and the site is on the higher elevation in the
background.

-Looking southeast from higher ground toward the fill area. 0840

Looking south from higher ground toward debris at the south 0840
edge of the landfill and the banana field behind it.

Looking southwest from higher ground toward junk cars along 0840
the south edge at the west side of the site.

A11 photos taken by Greg Pollack.



——INUS
| coORPORATION 02-8811-24-S1
Rev. No. 0

MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

1R-14P January 10, 1989 0815
Looking northeast at the site entrance, gate, and sign.

1R-15P January 10, 1989 0816
Looking east at the site access road that Teads up to the
fill area.
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1R-17P
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

January 10, 1989 0830

Looking northeast toward the site. The banana field is in the
foreground and the site is on the higher elevation in the
background.

January 10, 1989 0840
Looking southeast from higher ground toward the fill area.




—INUS

| | comPOoRATION 02-8811-24-SI
Rev. No. O

MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

1R-18P January 10, 1989 0840
Looking south from higher ground toward debris at the south edge
of the landfill and the banana field behind it.

1R-19P January 10, 1989 0840
Looking southwest from higher ground toward junk cars along the
south edge at the west side of the site.




02-8811-24-SI

Rev. No. O
MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO
o SAMPLING TRIP
/ FEBRUARY 2, 1989
PHOTOGRAPH INDEX
Photo Number Description Time
1P-1 R. Pagano collecting soil sample PR22-S1 at the east end of 0925
the Tow road (along the south edge of the site).
1P-2 Looking east at the PR22-S1 sample location. 0925
1P-3 R. Pagano collecting soil samples PR22-S2 and PR22-S3 0932
(environmental duplicate) at the northwest corner of the low road.
1P-4 R. Pagano collecting soil sample PR22-S4 near some oily 1005
ponded water approximately 25 feet east of the PR22-S1
sample location.
1P-5 L. LaForge collecting soil sample PR22-S5 at the base of a 1022
drum near the northeast corner of the landfill.
1P-6 L. LaForge collecting soil sample PR22-S6 from fill dirt 1036
at the crest of the high road (along the north edge of the
site).
1P-7 Looking east-southeast toward the fill area from the crest 1100
of the high road.
1P-8 Looking northeast at the slope leading up to the crest of 1105
the high road.
1P-9 Looking south at the pile of junk cars and other debris at 1105
the south edge of the landfill; note the entrance to the low
road. ' '
1P-10 Looking east toward the fill area. 1105
1P-11 Looking west at the old shack on the lower portion of the 1105
- site. )
1P-12 Looking northwest at a garbage truck entering the landfill. 1105

A11 photographs taken by Gerald Gilliland.
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MAUNABO SOLID WASTE DISPOSAL

MAUNABO, PUERTO RICO

1P-1 February 2, 1989 0925
R. Pagano collecting soil sample PR22-S1 at the east end of the
Tow road (along the south edge of the site).

1P-2 February 2, 1989 0925
Looking east at the PR22-S1 sample location.
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

1P-3 February 2, 1989 0932
R. Pagano collecting soil samples PR22-S2 and PR22-S3
(environmental duplicate) at the northwest corner of the low road.

1P-4 February 2, 1989 1005

R. Pagano collecting soil sample PR22-S4 near some 0ily ponded
water approximately 25 feet east of the PR22-S1 sample location.
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1P-6
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

February 2, 1989 1022
L. LaForge collecting soil sample PR22-S5 at the base of a drum

near the northeast corner of the landfill.

February 2, 1989 1036
L. LaForge collecting soil sample PR22-56 from fill dirt at the

crest of the high road (along the north edge of the site).
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

February 2, 1989 1100
Looking east-southeast toward the fill area from the crest of the
high road.

February 2, 1989 1105
Looking northeast at the slope leading up to the crest of the
high road.
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

February 2, 1989 1105
Looking south at the pile of junk cars and other debris at the south
edge of the landfill; note the entrance to the low road.

February 2, 1989 1105
Looking east toward the fill area.
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MAUNABO SOLID WASTE DISPOSAL
MAUNABO, PUERTO RICO

February 2, 1989 1105
Looking west at the old shack on the lower portion of the site.

February 2, 1989 1105
Looking northwest at a garbage truck entering the landfill.




02-8811-24-SI
Rev. No. 0

4.0 SITEINSPECTION SAMPLING RESULTS

The NUS Corporation Region 2 FIT collected five soil samples at the Maunabo SWD Site during the Sl
conducted on February 2, 1989. The U.S. EPA Contract Laboratory Program (CLP) was utilized for

sample analysis. The results are included.as Ref. No. 18. Sample locations are shown on Figure 2 in
Section 3.0.

Three semivolatile compounds were detected in soils collected from the Maunabo SWD. Phenol was
found at a concentration of 620 parts per billion (ppb) in sample PR22-S4, which was collected
adjacent to some oily ponded water on the south side of the landfill. Butylbenzyl phthalate was

detected at a concentration of 2200 ppb in sample PR22-S1, which was collected near the south edge
of the landfill.

Bis(2-ethylhexyl)phthalate was detected at concentrations of 1100, 2500, and 680 ppb in samples
PR22-S1, PR22-54, and PR22-S5, respectively. Sample PR22-S5 was collected at the base of a drum
slightly downslope from the northeast corner of the active landfill area. The polychlorinated
biphenyl (PCB) Aroclor-1248 was detected at a concentration of 1200 ppb in Sample PR22-S4. There

were no volatile organic compounds detected at significant concentrations in any soil samples.
collected from the Maunabo SWD.

Lead was detected at a concentration of 88.6 parts per million (ppm) in sample PR22-54. Zinc was
detected in the same sample at a concentration of 212 ppm. Mercury was detected at concentrations
of 0.44 and 0.14 ppm in samples PR22-54 and PR22-S5.

Ref.Nos. 1, 18
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The Maunabo SWD is an active municipal landfill with no known history of hazardous waste disposal
since its operation began in 1974. However, some of the solid wastes observed at the site, such as the
scrapped cars and drums, may contain or generate hazardous materials. There is no containment
method used to deter potential contaminants from migrating off site via surface water and
groundwater routes. The underlying sandy alluvium is highly permeable, and the same material is
used to cover the solid waste, which comes in at a rate of approximately 75 to 122 cubic meters per

day. Erosion problems and inundations from rainstorms have been noted in previous investigations.

A MEDIUM PRIORITY for further action is recommended for the Maunabo SWD Site. This
recommendation is based on several factors, including

° The presence of phenol, lead, and other priority pollutants in soils on site

] The absence of containment

] The location of municipal supply wells 1 to 2 miles downgradient of the site

The further study should include more soil sampling to further define the waste source, the
installation of monitoring wells to assess the migration, if any, of contaminants into the
groundwater system, and the determination of surface runoff paths to the Rio Maunabo and

associated sampling to determine migration, if any, of contaminants off site via surface runoff.

Ref. Nos. 1-18
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PRBLIHINARY ASSESSMENT RBVIBW FORM

sn'ﬁ NAME: ﬂwf/‘é So. / a/ @/a 49“ /

ALIASES: _/

ADCRESS .,,wé /Z«b//[ 7:5’7 AZ// z2 5

CITY: Lo/t Seco, 6 cth

COUNTY: m/u.iész
STATE r/w/z o
PRIORITY RATING GIVEN:

(BY STATE OR CONTRACTOR)

ACPhPeoD. '
DISAGREE: | /(% |
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S, EPA PdTENTIAL HAZARDOUS WASTE SITE IDENTIFICATION | o1 22 s
EFA 0us L PR NossY

NOTE: The initial identification of a potential site or incident should not be interpreted as a finding of iliegal
activity or confirmation that an actual health or environmental threat exists. All identified sites will
be assessed under the EPA’s Hazardous Waste Site Enforcement and Response System to determine 1f
a hazardous waste problem actually exists.

A, SITE NAME . B. STREET (or orher idensifier)
Maunabo Solid Waste Disp. , Palo Seco Ward
c. CITY ) B. STATE £. ZIP COCE F. COUNTY NAME~
Maunabo Manmako . [Wd (it o d
G. OWNER/OPERATOR (if known) 2.R 00707 Ju Jl’d' :
1. NAME . 2. TELEP™ONE NUM“E’R
Dept. of Municipal Public Works ’

H. TYPE OF OWNERSHIP (if known)
]t reperaL J2.sTaTE [ COUNTY TRa MUNICIPAL s PRIVATE ] 6. UNKNOWN

t. SITE DESCRIPTION

Latitude 18° 00' 54"

Longitude 066°55' 25"

Estimated Loading: 122M3/day

Geologic Fommation: Plutonic rocle (TKP)

Landfill
J. HOW IDENTIFIED (L., ci.uun‘n ec.ulu“.'om ennlcn;. ete.) ' ’ K. DATE Ioe:‘r’l'l)ls-o

| —-Agencies file- Site inf. report of F.P.A | 5=t

L. SUMMARY OF POTENTIAL OR KNOWN PROBLE

1- Floodplains _

2- Possible health hazard to residents bring domgradient‘ of fill zone (Disease).

2. TELEPHONE NUMBER 3. DATE (mo., day, & yr.)
725-5140 5-1-81 .




3
H

A _L ——
" . | ?ﬂ‘&" o} —

s
FORM EPA-2 12:13-79) » : Form Acoroved: 0.M.8. No, 153-57017
£ P : U.S. ENVIRONMENTAL PROTECTION AGENCY
iﬂ?[E. OPEN DUMP INVENTORY REPORT

Section | - GENERAL INFORMATION

1. Date of determination

Month ' Y
Eater month. day, ont | Cay , ear
and year olo s 1slo
2a. Is this an update of a —
' previous form? ‘
Mark (X) one .- 1d Ye.s 2y No

2b. Is this form being submitted
to remove the facility from

the open dump inventory? ‘ L—J Yes 20 No »
3. Facility Identification State Cnty/City : Place ‘Assigned Site No. Assigned Facility No.
Number I -
712 01915 017101010 aglaiall Qinll
4. EPA Surface Impound- Scate Caty/City . Ptace Cazegory Site ' Jinpoundment
ment Assessment No. - . ) ;
If applicable NlA
5. State Facility '
_ ldentification Nymber
If applicable N|A
6. Name of - -
facility IMlalnuln of Miuinliiletiln alnidifiiilll
7. Facility location .. Strest, road, or other location description
islelaltle| [Rlolala] lplr]| |7]s]o] Iklm| |2 lulals
Plail]o Slelclo| Wilalrid ,
City, town, or place ) State  ZIP code
Miajulnla|blo PiR| 10[0}710(7
County name . .
Miajujnla b |o
8. C°‘,",di"°'°’ °,‘ ) .. _ Degrees 'Minut‘n ) .Seconds ) Degrees Mindx,es Seconds
fycility location . ' . = -
' ’ Latiude |] |8 glof I5l4 Longitude|Q 16 |6 Si5t {215
9. Other legal description :Range _ t Township.. | Section ‘ :
f applicable ' ' ' !
- ) 1 I
10. Land owner ' Name
plelple] lole IMuniclpal Plubiliilc! Wilolrlkls
Mailing address . .
T :
Munlici aljllijt o|f] Mlajumlalblo
City. town, or place ' ~ State  ZIP code
Mlalulnlalblo pR| lolol7jo 7
11. Operator Hame :
Slamle
Mailing address

City. town, or piace State ZIP cude

.
R—
S

EPA Form T78700-14 (380)
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I i,!g,,EBQ\ POTEN L HAZARDOUS WASTE SITE i"““’“ Traned v g 0T
] IDENTIFICATION AND PRELIMINARY ASSESSMENT { |

|

§ NOTE: This form 1s completed for each potencal hazardous waste site to help set prionties for site inspection. The information

submitted on this form is based on available records and may be updated on subsequent forms as a result of additional mquiries
and onesite inspections. )

GENERAL INSTRUCTIONS: Compiete Sections [ and IIl through X as completely as possible before Section [I (Preliminary
Asgesament). File this form in the Regional Hazardous Waste Log File and submit,a copy to: U.S. Environmental Protection
Agency; Site Tracking System; Hazardous Waste Enforcement Task Force (EN+335); 401 M St., SW: Washington, DC 20460.

. SITE IDENTIFICATION

A. SITE NAME . . B. STRE E;-(,or other identifier)
Maunabo Solid Waste Disposal State Road PR 759 Km 2.5
c. CITY ‘ ' O.STATE €. ZIP CODE | F, COUNTY NAME
Palo Seco Ward . P. R. 00707 Maunabo
G. CWNER/OPERATOR (if known) ’
1. NAME . . i = 2. TELEPHONE NUMBER
Municipal Government (809) 861-5000

H. TYPE OF OWNERSHIP
(Ir. reperaL 2. state [ county [XJa. MUNICIPAL  (1s. PRIVATE  []6. UNKNOWN

l. SITE DESCRIPTION

Landfill

J. HOW IDENTIFIED (f.8+, citizen’s complaints, OSHA citations, etc.) ) K. DATE IDENTIFIED
See Annex 1 - A memorandum: An inspection made by EQB. The site was (moe, day, & yro). -
approved on October 12, 1973. ) _ Sept. 23, 1975

L. PRINCIPAL STATE CONTACT ) ]
te NAME . 2. TELEPHONE NUMBER

Maria L. Morales 722-0437

e —————————————————————
A. APPARENT SERIOUSNESS OF PROBLEM

“1L PRELIMINARY ASSESSMENT (complete this section laat)

1. HIGH J2. mgoium 3. Low [Ts nonE s, unxnowN

3. RECCMMENDA TION

(] 1. NO ACTION NEEDED (no haserd) [ 2. IMMEDIATE SITE INSPECTION NEEDED
) . . 8. TENTATIVELY SCHMEDULED FON:

; 3. SITE INSPECTION NEEQED - e
: a. TENTATVELY SCHEQULED 7OA: b wiLL 88 FIFPORMID 8y:

5. wiLil. BE PERFORNMED BY:

T 8. SITE INSPECTION NEEDED (low pricrity) .

C. PREPARER INFORMATION ] .
1. NAME 2. TELEPHONE NUMBER 3. DATE (Mo., day, & yr)

Maria L. Morales (809) 722-0437 May 14, 1?84

"1IL SITE INFORMATION

A. SITE STATUS —_ P .
X] 1. ACTIVE (Those induscriat or } 2. INACTIVE (Those T13. OTHER (epecity):
diunicipal sites which sre being used siioe which no longer receive| se sitea that include such incidente like "'midnight dumping’® whore
for waste treatment, storsge, or disposal | wesates.) ' - | mo regular or continuing use of the site ior waste disposal has occurreds)
on a continuing Seels, even If infré—
quenelys)

o

8. IS GENERATOR ON SITE?

X]1. no " 2. YES (specity generator’s tour—digit SIC Code):
C. AREA OF SITE (in acree) G. IF APPARENT SERIOUSNESS OF SITE IS HIGH, SPECIFY COORDINATES
' . o —a0Cs 2. TUDKE (degemmini=seoc,)
8 cds. (1979) '+ LATITUDE (dogimmnin.msec.) 2. LONG!
7.76 acres , 18° 00' 54 65° 55' 25"

2. ARE THERE SUILDINGS ON THE SITE?
XNo T2 rzs cspecity):

TIATUL ST ' Continye On Reverse




C.ﬁmmued From Paae 2

V. WASTE RELATED INFORMATION rcontinued)

3 LIST SUBSTANCES OF SREATEST CONCERN WHICH MAY BE ON THE SITE (place in descending order of haserd).

Approx. depth of water table:

10m

4. ADDITIONAL CCMMENTS OR NARRATIVE DESCRIPTION OF SITUATION KNOWN OR REPORTED TO EXIST AT THE SITE.

VI. HAZARD DESCRIPTION

A.TYPE OF MAZARD

a.
POTEN-
TIAL
HAZARD
(mark ‘X’)

c.
ALLEGED
INCIOENT

(merk 'X’)

C.CATE QF
. INCIDENT
(mos, day, yr.)

E. REMA RKS

1. NQO HMAZARD

Syl o

e ..’."‘_”""",:___34'::'-» -
—

2, MUMAN HEZALTH

Apr.13,1984

USGS Report - 1984

3. NONSWORKER
‘P INJURY/EXPOSURE

4. NORKER INJURY

CONTAMINATION
‘OF WATER SUPPLY

Apr.13,1984

There PRASA wells doungrad1ent from
site - USGS Report

P CONTAMINATION
*orF OO0 CHAI_N

gNTAMINA TION

-4
" OF GROUND WATER

Apr.13,1984

Leachate substances moves downgradien{t

s CONTAMINATION
"OF SURFACK WATER

Apr.13,1984 |

to the local ground-water system-
USGS Report Igﬁz
USG§ Report 198&: T

0. OAMAGE TO
PLORA/FAUNA

10. FISH XiLL

CON?AmNA?IgN
* QF AR

12. NOTICEABLE OODORS

13. CONTAMINATION OF SOOI

14. PROPERTY DAMAGE

19, FIRE OR EXPLOSION

18, SPILLI/LEAKING CONTAINERS/
' RUNOFR/STANDING LIQUIDS

17, SEWER, STORM
‘ DRAIN PROBLEMS

18. EROSION PROBLEMS

May 13,1981

Annex 2

19. INADEQUATE SECURITY

20, IN €6MPA TIBLE wAaSTES

1. MIDNIGHT OUMPING

22. OTHER (specily):

" EPA Fom T2070-2 (10.79)

PAGE 3 0F 4

Continue On Reverse



Annexes

Annex 1

Annex 2

September 23, 1975

Deficiencies found in the new landfill:

1. A trench fill with water.

2. Only one access through a sugar -cane plantation

3. Lack of facilities in the landfill creates operational
deficiencies.

4. Wastes were observed out of the landfill
5. Flies were observed

6. The rains creates .inundations in the landfill

May 13, 1981

The last technical inspection . Among deficiencies
are erosion problems.
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Annex 1

ESTADO LIBRE ASOCIADO DE PUERTO RICO / OFICINA DEL GOBERNADOR DS csh

| de octubre de 1975

Y 7

P/C : Patrick W. Lewis

De : Charles Romney, Tr/%7

Asunto : Re-inspeccién Vertedero Munlicipal de Maunabo

El dfa 23 de septiembre de 1975 visité el vertedero munlcipal de
Maunabo, ublicado al Norte del Km 2, Hm. 5 de la Carr. 759 en el Bo. Palo™

Seco de dicha municipalidad Yy ademés el antiguo vertedero ublcado en la
carretera de Maunabo a Patillas .

El propbsito de la visita era ver si la Administracién Municipal
de Maunabo habia corregido las deficiencias en el antiguo vertedero (carretera
de Maunabo a Patillas) que le habla sido notificado mediante una orden emitida

el dia 29 de agosto de 1975 por la Divisién Legal de esta Junta de Calidad
Ambiental.

La orden fue emitida para que corrigiera las sigulentes deflciencias:
- 1) Cesar de quemar los desperdicios sélidos.

2) Proceder de inmediato al soterrado de los desperdicios
depositados. - -

3) Disponer de los desperdicios mediante el Sistema de
Relleno Sanitario.

'4) Proveer vigilancia adecuada en el &rea del vertedero.

5) Desarrollar un Sistema de Relleno Sanitario seg(n las normas
de esta Junta. ’

No se ha cumplido con la orden excepto con el inciso (3) que le
L indica que debfan mudarse al Bo. Palo Seco lo cual la Administracién Municipal

hizo. Entiendo que han tenido tlempo m4s que suficiente para cumplir a cabalidad
con lo que le requerfa la orden.
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Sin embargo aunque el Municipio de Maunabo trasiadd sus
operaclones al Bo. Palo Seco pude observar que el Munictipio de Patillas
continua virtlendo sus desperdicios sélldos en el vertedero de la carretera
de Maunabo a Patillas, (Cabo Mala Pascua). Lo cual es una violaclén al
Inctso (5) por parte de la Adminlstraclén de Maunabo ya que no esta prove-
yvendo la vigllancla adecuada para evitar que se deposliten desperdicios
sblidos en el antiguo vertedero ublcado en la carretera #3.

Las operaciones en el nuevo vertedero tienen una serie de v
deficienclas, entre las que podemos menclonar las siguientes:

1) Trinchera llena de agua debido a las lluvias caidas en
el sector. ' -

2) Tiene un solo acceso por un cafiaveral, deben hacerle otro,
para cuando comienze el tiempo lluvioso se pueda llegar al 4rea de operaclén.

3) No tiene ningGn tipo de facilidades, lo cual dificulta el que
se reallzé una buena labor.

4) Se observd basura descublerta fuera del a&rea de operacién. -
5) Se observé la presencia de moscas.
6) Durante las Llu’vlas reclentes se inund6 el vertedero.

7) Segln phde observar durante mi visita las facilldades de
mantenimiento del equipo son pésimas ya que no cuentan con ninguna.

RECOMENDACIONES:

1) Se refiera el caso nuevamente a la Divisién Legal para la accién
que ellos estimen pertinente. '

2) Se envlié personal de la secclén de asesoramlento técnico del
programa de desperdiclios sbélldos a Maunabo para que:

a) Le Indique que medidas deben tomar para evitar que las condi-
clones en el nuevo vertedero empeoren y mas tarde sea mas dlificil su correcclén.

b) Le indlque como y donde se deben construir los drenajes arti-
ficiales para evitar que en el futuro se inunde nuevamente el vertedero.
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MEMORANDO

P/C

DE

ASUNTO

E3TADOU LIBRE ASULIADO DE PHERTOQ RICO / OFICINA DEL GOBERNADOR

Annex 2

lro. de junio de 1981

: Ing. Luis E. de laCruz 722 C

Director
Programa Contaminacién de Terrenos

Ing. Bartolomé J. Caﬂeuas% .
Director

Negociado Des perdicios nicipales

Srta. Florilda Forestier, Sub-Directora ﬂ/ - -
Negociado Desperdicios Municipales

Victor J. Matta, Jefe Secd‘dﬁ_
Estudios Especiales '

: Visita inspeccién Vertedero de Maunabo

El dfa 13 de mayo de 1981, realicé una visita al vertedero mencionado
en el epfgrafe, acompafiado del Sr. Roberto Berberena. Durante la inspeccion

fuimos atendidos

por el Sr, Pedro Lebrén Garcfa, operador de equipo pesado.

Sobre el particular le informo lo siguiente:

1- La facilidad en cuestién se encuentra localizada en el Bo. Palo Seco
al Norte del Km. 2 Hm.5 de la Carr. 759 de dicha municipalidad.

2- Cuentan

con una buena caseta dotada de las facilidades necesarias

con espacio para guardar el equipo pesado. También existe otra pequefia caseta
para el celador, localizada a la entrada.

Oficina de s Junta: Calle del Parque

Velando por Is purezas que usted desea, en el ambiente que /e rodes,
Nam. 204 Esq. Pumarads / Direccidn Postal: Apartado 11488, Santuree, P, R, 00910/ Teiéfono 725-5140
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3- En el &rea de operaciones se observé que se estd utilizando el método
de trincheras para disponer de los desperdicios recibidos. El material de relleno
sobrante de la excavacién preparada se estaba utilizando para soterrar unos des-
perdicios esparcidos y compactados dejados al descubierto en dfas anteriores.

4-Se encontrd un 4rea con dos chatarras Y gomas abandonadas desde
bastante tiempo. :

S- El equipo pesado 1o era una pala mec&nica que‘ se utiliza para preparar
trincheras y las labores de esparcido, compactado y soterrado de los des perdicios.

6- Se observd un problema de erosién  del terreno_a consecuencia de las

aguas de lluvia. No se observé un canal o medio adecuado para desviar hacia
las orillas del sistema las aguas de lluvia.

Observaciones:

1- De acuerdo al expediente del municipio el vertedero es operado en
forma ilegal aunque cuenta con los endosos de Agencias concernidas , La
Declaracién de Impacto Ambiental y el permiso de cons truccién. -

2- En comunicaciones anteriores se ha solicitado al Hon. Alcalde someter
los formularios de permiso para continuar operando la facilidad.

Se recomienda solicitar de nuevo se cumpla con los' trdmites de permiso
de operacién y se corrijan las deficiencias en la operacién.
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ATTACE =0T ¢
=~A POTENTIAL HAZARDOUS WASTE SITE = OENTIFICATION
X IE A . SITEINSPECTION REPORT TE | 02 siTe numsER
PART 1-SITE LOCATION AND INSPECTION INFORMATION
il. SITE NAME AND LOCATION
Q) SiTE NAME ..egs. COMMON 3 GOSCIOUVE Nome of sitms 02 STREET, ROUTE NQ.. CRSPECIFIC LOCATION ICENTIFIER
Maunabo disposal at Palo Seco Ward Maunabo
JACiTY 04 STATS | 0S ZIP COCE C86 CCUNTY C?ggszr\ bY) CET
or
_ PR Maunabo 095
09 CTCORCINATES 10 TVFE OF OWNEHSH'P :Checs oner
LATITUDE LONGITUDE Z A.PRIVATE O B. FEDERAL J C.STATE T 0.COUNTY Z E. MUNICIPAL
18 00 354 ._|.065 55_25_._ C F. OTHER T G. UNKNOWN
1l INSPECTION INFORMATION
01 0ATECF mﬁECTlON Q2 SITESTATUS 03 YEARS OF OPERATION
04 , 13, 84 C ACTive ! —__ UNKNOWN
TTICNTH SAY vEsA 0 INACTIVE SESINNING YEAR ENDING YZ&R
U4 AGENCY PERFORMING INSPECTICN (Checx ai inas acow) :
T A.EPA T B.EPACONTRACTOR — 5 C. MUNICIPAL T 0. MUNICIPAL CONTRACTOR
1Nome O ' N T
T E.STATE O F. STATE CONTRACTOR CG.omer_U.S. Geological Survey e of bt
) . Name of tiem) iSoecrv)
5 CHIEF INSPECTOR 08 TITLE - Q7 ORGANIZATION 08 TELEAHONE ND
{ )
TS OTHER INSFECTORS 10 THLE 11 ORGANIZATICN 12 TELEPHONE NQ.
« -3
(.
( )
{ ]
! . | ()
33 SiTE REPRESENTATIVES INTERVIEWED 14 TME 1SADORESS 18 TELEPHCNE NQ
{ )
{ )
«(
|
{ )
. ( )
. — t )
17 ACCZSS GAINED BY 18 T'ME GF INSPECTION 19 WEATHER CONOITIONS
{Checa oney
Z PEAMISSION .
Z WARRANT 1330 Sunny day, clear skies
IV.INFORMATION AVAILABLE FROM D
01 CONTACT 02 OF :AgencyOrgomeanon 23 TELEFMONE NO
{ }
04 PERSON RESPCNSIELE FCR SITE 1iSPECTION FORM 05 AGENCY G ORGANIZATION C7 TELEPHONE NO. 08 OATE
! wlutM Sav /€A

EPAFCRM Z07C-1317.81)



o POTENTIAL HAZARDOUS WASTE SiTE | . DENTIFICATION _
o =FPA SITE INSPECTION REPORT {0 STATE] a2 SITE NS
PART 3 - DESCRIPTION OF HAZARDQUS CONDITIONS AND INCIDENTS

Il. HAZARCQOUS CONDITIONS AND INCIDENTS

01 £ A GROUNOWATER CONTAMINATION v 02 O OBSEARVED (0ATE: U3~ 15-0F ) Z POTENTAL O ALLEGED

03 POPULATION POTENTIALLY AFFECTED: C4 NARRATIVE DESCRIPTION Cover material (coarse sand) is
highly permeable and offers insignificant attenuation to leachate substances, which
evantually moves downgradient to the local ground-water systems. Geologic formation:
Plutonic rock (Tkp), and alluvial deposits (Qa). Approximate depth to water table is about
33 ft., and rainfall averages 1770 mm per year. -

Q1% 8. SURFACE WATER CONTAMINATION . : 02 T C3SERVED (DATE: J & PQTENTIAL O AULEGED
03 POPULATION POTENTIALLY AFFECTED: ___ Y 04 NARRATIVE DESCRIPTION Adjacent to Rio Maunabo flood
plain. Rainfall in area averages 1770 mm per year. Actually seems like a landfill that
used trench methods and part is an open dump. Nobody was at the site when visited. Lack
of slope allows more contact between runoff and leachate. :

01 = C. CONTAMINATION OF AR 02 G O3SERVED(DATE: -

. ) S POTENTIAL S ALLE
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION ‘ Geo

01 T D. FIRE-EXPLCSIVE CONDITIONS 02 T CSSERVED (DATE: } 7 < POTENTIAL = AULEGZD
03 POPULATION POTENTIALLY AFFECTED: : 04 NARRATIVE DESCRIPTION

01 T & DIRECT CONTACT ) ' ) 02 = CSSERVED (DATE, ) - = roTETAL T
03 FCPULATION POTENTIALLY AFFECTED. : 04 NARRATIVE DESCRIFTION ALLE
01 O F. CONTAMINATION OF SOIL o 02 = OBSERVED (DATE. B = PorT " Sy
03 AREA POTENTIALLY AFFECTED! oo 04 NARRATIVE DESCRIPTION . ENTL

1Acrany .
01 € G. DRINKING WATER CONTAMINATION ' 02 C OBSERVED (DATE: 04-13-84 5 =
03 POPULATION POTENTIALLY AFFECTED: ____ Y 04 NARRATIVE DESCRIPTION } ™ POTENTIAL ALLEGED

Three PRASA wells downgradient from site.

31 = ™. "CAXER EXPOSURE IURY ' 02 = CEBSERVED (DATE.

] ) = SOTENTIAL » = ALL=GED
03 \WORKERS POTENTIALLY AFFECTED: ______ 04 NARRATIVE DESCRIPTION '

21 21 PCPULATION ZXFCSURE IURY ' 02 = CSSERVED (0ATE

) ] - POTE! < ALLEGE
a3 FCP.‘JLA‘TlCN FOTENTIALLY AFFECTED: G4 NARRATIVE DESCAIPTION OTINTIAL G229

EPAFOAM 2070-13(7-any
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N SITE INSPECTION

POTENTIAL HAZARDOUS WASTE SIiTE

PART 4- PERMIT AND DESCRIPTIVE INFORMATION

l I IDENTIFICATION

—

Ksu ral 02 SITE NUMBER

]

I\. PERMIT INFORMATION

31 TYPE OF PERMIT ISSUED

Checa aitng -~ 7]

Q2 PERMIT NUMBER O3 DATE ISSUED

Z A NPDES

Q4 EXPIRATION CATE

0S5 COMMENTS

s uic |

ZL AR '

0. RCRA

E. RCRAINTERIM STATUS

SPCC PLAN

-

—
o~
~—d
[
-
ot

F
G. STATEIM.
M.

LOCAL

!Sgecnv

OTHER Scecdn

= J. NONE

lIl. SITE DESCRIPTION

01 STCRAGE: DISPOSAL (Checs aa tmer 2covy)

X A. SURFACE IMPQUNDMENT
Z 8. rues

X C. DRUMS, ABOVE GROUND
= D. TANK. ABOVE GROUND
Z E. TANK, BELOW GROUND
& F. LANDFILL,

Z G. LANOFARM

Z H. OPEN DUMP

02 AMOUNT 03 UNIT OF MEASURE

< H.OTHER

C A. INCENERATION

0 8. UNDERGROUND INJECTION

2 C. CHEMICALPHYSICAL

2 0. BIOLOGICAL

O E. WASTE OIL PROCESSING

O F. SOLVENT RECOVERY

Z G. OTHER RECYCLING/RECOVERY

04 TREAYMEN'_? (Checs o mat 200y

% 1omen_Junk cars, refrigerators, washers,

iSeecvyy

Q7 COMMENTS

-Sceety)

0S OTHER

Z A SUILDINGS ON SITE

08 AREA OF SITE

(acress

IV. CONTAINMENT

Ot CONTAINMENT OF WASTES /Shece ane)

T A. AOEQUATE, SECURE

C 8. MODERATE G C. INADEQUATE, PCOR

G D. INSECURE, UNSOUND. DANGERCUS

02 DESCRIPTICN OF DRUMS, DIXING, LINERS, BARRIERS, ETC.

V. ACCESSIBILITY

Q1 WASTZ EASILY ACCESSILE.

C YES
C2 COMMENTS

ZNO

VI. SOURCES OF INFORMATION rcae 100CH€ rataronces o 3

1318 1~08. 20rDe0 4N Mv 3. repONT)

PaFCAN 1270037y

'




(N0 a1ner water sowe ey avensosel

A = POTENTIAL HAZARDOUS WASTE SITE 5 Lﬁfl’i"°?-7’°"
LN EPH SITE INSPECTION REPORT SIT8 umnEA
"PART 5- WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA
IL DRINKING WATER SuUPPLY )
Q1 TYPE QF OﬂlNKlNGSUDH.Y Q2 STATUS Q3 ISTANCE TO SITE
(CAeCH o8 a0t 2c00)
SURFACE WELL ENDANGERED AFFECTED MONITORED
COMMUNITY AQ 8.2 A.Q 8.0 c.2 A M)
NON-COMMUNITY c.a 0.2 0.2 EQ F.Q B _m
ll. GROUNDWATER
[s} ] GROUNDWM'E,R USE IN viCniTY lcnc.nm )
S A.ONLY SOURCE FOR ORINKING & 8. OrmkingG
1C1her sonerc o svesenney.

COMVERCIAL, INDUSTRM&, IRRIGATION

=c COMMERCIAL, INDUSTRIAL IRRIGATION Q 0. NOTUSED, UNUSEABLE
{Laraeg 9mer 30umes svenatve) )

02 PCPULATION SERVED BY GROUNO WATER ————————— 03 DISTANCE TO NEAREST DRINKING WATER WELL {rmi)
C4 DEATM IO GROUNDWATER 03 O:RECTION OF GROUNOWATER ALow 08 CEPTW TO AQUIFER 07 POTENTIAL VIELD 08 SOLE SOQURCE AQUIFER
30 700 sw, locally CF CONCERN OF ACUIFEA ay c
—_— ™ SE i i (gpa) & o
Q9 DESCRIPTION OF WELLS;, SO0, ang e 4G Brmongsy
10 RECHAAGE AREA 11 OISCHARGE AREA )
E.¥eEs |covments Cover material is hi ghly Wves |comments Near Rio Maunabo h
= NO permeable C no boundaries
IV. SURFACE WATER

Q1 SURFACE WATER USE :Crecr aney

G A. RESERVOIR. RECREATION

DRINKING WATER SOURCE IMPORTANT RESCURCES

Q 8. IRRIGATION. ECONOMICALL

Y C.C. COMMERCIAL, INDUSTRIAL C 0. NOTCURRENTLY USED

02 AFFECTED/POTENTIALLY AFFECTED BODIES OF WATER
NAME:

' AFFECTED OISTANCE TO SITE
Rio Maunabe g )

Q ()
a )

'Tuemocmpmc AND PROPERTY INFORMATION

A1 TOTAL POPULATION wiIThan ) Q2 oISTANCE TO NEAREST POPULATION
I ONE (1) MILE OF SITE TWO (2) MILES OF SITE THREE (3) MILES OF SITE
A . a. Cc. (i
NQ. CF OEASONS NO. OF PERSONS NQ. CF PEASONS ﬂl’

lJ NUMBER OF JURDINGS ITHIN TWQ 12) MILES OF SITE

-5 PCPULATION WiTh.N VICINITY QF SITE

04 GISTANCE TO NEAREST OFF.SITE SURONG

i)

lhno-w&-mcmmuwoua” SIS e Of 310 0.q., wran, Jmage, OIS POSIEE Wean arvsy




n ‘ POTENTIAL HAZARDOUS WASTE SITE . [BENTIFICATION
& E : ;5 SITE INSPECTION REPORT 01 STATE[0Z SITE NGMBER

PART S - WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA

VI. ENVIRONMENTAL INFORMATION

Q1 PEAMEABIUTY OF UNSATURATED ZONE (Crecs anes

QA 10-¢=-10-%cmyzec [0 8.10¢ = 10-Scrusec 5 C. 10-¢ = 10-3 cemysae (3 0. GREATER THAN 10-3 cmugee

-{ 02 PERMEABILITY OF BEDAOCK (Chrece anel

Z A. IMPERMEABLE T 8. [ELATIVELY IMPERMEABLE X C. RELATIVELY PERMEABLE (O D. VERY PERMEABLE

ass e 10™° 2m-30c) 120°¢ - 10-% .

n

P YT 110=¢ = 19°¢ emraoes iGromernan 1074 om s00)
03 OEPTH IG BEDRGCK Q4 CEPTH OF CONTAMINATED SOIL ZONE 0% SON. ort
40 to 100 ] m
56 NEY PRECIPITATION ' Q7 ONE YEAR 24 MOUR RAINF ALL 08 SLOPE
1770 4.5 SITE SLOPE CIRECTION OF SITE SLOPE, TERPAIN AVERAGE SLOPE
mm_per yeap . ) < : -
99 FLOGO POTENTIAL T
} SITE IS ON BARRIER ! . H AREA,
STEISIN YEAR FLOOGP C SITE E SLfNO COASTAL HIGH HAZARD AREA, RIVERINE FLOODWAY
11 OISTANCE TO WETLANGS 2 470 ey . A 12 DISTANCS TQ CRITICAL HABITAT «or ensangeres spscns
ESTUARINE OTHER —m)
A. 1mi) 8. {rri) ENDANGERED SPECIES:
13 LAND USE IN VICINITY ’
CISTANCE TQ: )
N RESIDENTIAL AREAS: NATIONAL'STATE PARKS, AGRICULTURAL LANDS
COMMEHCZAL’!NOUSTRIN. FORESTS. CRWILOUFE RESERVES PRIME AG LAND AG LANB-
A, {rm1) 8. i) c. (mi) DO. {rme)

14 QESCRIPTION OF SITE IN RELATION TO SURROUNOING TOPCGRAPHY

North there are some hills which have used as cover material. West, downhill is a small
valley (sugar cane fiels), and south another sugar cane field. East, there is a
combination of hills close to the site and sugar cane field as we move to the south.
Dump site actually is a small hill which most of the wastes were being disposed (open
dump) at all edges lead.mg to the top, for landfill operations.

180000RCUS. ¢ § . JIMQ 1483. L4MO0 anviny rosansd

Vil. SQURCES OF INFORMATION c.e a;nn

IPAFCRAM IZTI.12:7 3y




~ ' POTENTIAL HAZARDOUS WASTE SITE ;L‘Df“’gz'::’f“_e?
\-)‘ ‘ A SITE INSPECTION REPORT } STATE M

PART 6 - SAMPLE AND FIELD INFORMATION
il. SAMPLES TAKEN '

" |1 NUMBER OF 02 SAMPLES SENT TO
SAMPLE TYPE

SAMPLES TAKEN

O3 ESTIMATED DATE
RESULTS AVALABLE

GROUNDWATER

SURFACZ WATER

WASTE

AIR

RUNGFF

SPILL

SQiL

VEGETATION

OTHER

Il FiELD MEASUREMENTS TAKEN
o1 TYPg 02 COMMENTS

IV. PHOTOGRAPHS AND MAPS

I 02w cusroov o _Sigfredo Torres
01TYPE O GROUND X AERIAL e
Iamps ] 04 LOCATION OF MapS

g;gs Geological Survey

V. OTHER FIiELD DATA COLLECTED SProwae nuracve aescraons

| l:iOURCES OF INFORMATION .c.o I3echz rerssences. o g.. s:are twas. samove srarvns, repvnss

I?.m 2070-13:7.31)




Sepn ot (a0 Vos

PRI L CHPYL AR PE0I0) 130513 1635521 62,5 e -
CAaLIARA 130713 765555 100.9 !
N '
SURFACE WATS® PRODUCTION F8CILITIES -
CACTLITY HAVS  * N LATITUDE LINGITUCE S - ANNUBL AMOUNTY ‘
: CATLLIZN 5ALLONS) i
MATUYAS-"*ANAERD 130215 7659303 2643 !
- - |
- !
P
AUSLITY 0= WATZP JF SILINTED WELLS AND SURFALS WATER SITES : 1
- }
GIOUND WATSO 4 i
TY NAMT oATE pY CHLIR  TY? s ug Na 4 Cac93 Sn6 cl = $in2 TS NO3-N Fe Mn _ 1o ,
‘MaApNac0) 11777731 7.1 n 7.? 47 29 5.2 1.3 202 - 71.0 61.C - 0:0 A0:0 432 2,.5C 0.18 0:.00 !
' syPcAcE WATSR g '
Ty njAWr nATE pM  COLne  TyYR Ca M Na A CaCo? $76 ct 7 5132 12S NO3-4 F2° Mn o
: f f
1S -MAYNATD 117206771 2.7 ] 3.7 27 Y.4 15,2 2.2 <9 qo.p 10, C.} 6:0 214 9.30 7.12 0.90 . :
-
1SR PLANTS 1

= .



O ;; K
HTeER PLANTS S : s e e - S "
JS GISLGIICAL suevey 4 .
WAT=F ©3SIU2CES DIVISION, SAN JUAN, PR 1’
IOV DN ARTER YSET S0 YEAR 1283 .
|,-. P
»AUtaT 0 - . ',
. A}
4ELLS 2
-——— - B - - . . - - [N 1
FArTLTITY M= LATITUDE LINSITUDS AYNUOL AMOUNT 1
’ (MILLION GAILLONS) Lf
roIN 1 (Maunaen) 130010 655366 - R ¢7.9
PCIO & (YPI, SAN P:In2Q) 1300613 76353521 . 42,9 .
cALZAPA 130013 9638 vEs 109.0 i
SURFACE WATER PRODUCTION FACILITIZS i| ,
e ———— ———— emm—c——————— '
FACILITY Mave LATTITUDE “LIMGITUCE ~ANNUAL - AMOUNT '|
(PILLION GALLONS) I-"
MATUYA-18M800 130215 0455303 2641 |
. o
TYLLITY 03 JATS2 9F SILICTED J4FLL3 GND SUFACS WJOTE2 SITES e
- - L raenva wares’ '! -
) . . o - ';. -:v:'\\t,pt-r-‘ “
- ‘

[y
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— e
I J Ground Water Route Work Sheet
l- Rating Factor Assigned Value Mult. HRS Ma x PRO
1 Observed Release 0 45 ,/f
[f observed release is given a score of 45, proceed to line .
l [f observed release is given a score of 0, pProceed to line 2
2 Route Characteristics /
I Depth to Aqulrer of o 1 é? 3 2 / 6 7
Concern | \1
Net Precipitation o 1 2 3 | - 3 ~/
l Permeability of the O 1 2 3 1 J 3 >
Unsaturated Zone _
l Physical State O 1 2 3 1 / 3 /
Total Route Characteristic Scor / 15 . 0
' * e
3 Containment c 1 =2 G@) 1 2 3
I 4 Waste Characteristics : -
Toxicity/Persistence k/j6 g 12 1 3 18 2
I ' 15 18
Hazardous Waste
Quantity 012345 1 / 3 /4
- T
I 6 7(g
. Total Waste Characterization Score 7 28 /! )
5 Targets -
I Ground Water Use o 1 2 CEi) 3 o 3 FA
« Distance to Nearest O 46 8 10 1 —y 40 “if
Well/Population 12 16 18 20
Served 24,30 32 35 40
I Total Target Score <l 49 32
‘8 If line 1 is 45, multiply 1 x 4 x5 17 % s 3
i If line 1 is O, multiply 2 x 3 X 4 x 5 , 57730
I7 Divide 1ine 6 by 57,330 and multiply by 100 Sgw= ;KJY ,JZ:#?

¢ - 391



Surtace Water Rgogute Work Sheet

Rating Factor 3 Assigned Value Mult. HRS Max PRO

! Observed Release 0 45 1

[f observed release is given a score of 45, proceed to line .
If observed release is given a score of 0. proceed to line 2

2 Route Characteristics

Facility Slope and o 1 (2 3 1 ;3 o
[ntervening Terrain " . ,
l-yr. Z4-hr. Rainfall 0 1 2 (3 1 3 ;
Distance to Nearest 0O t (2 3 2 % 5 {
Surface Water L
Physical State o0l z 3 1 / 3 /
Total Route Characteristic Score g 15 ”
3 Containment | 0 1 2.3, 1 _ 3 _
4 Waste Characteristics -
Toxicity/Persistence OC@)B 9 12 1 - 18 =
- 15 18
Aazardous Waste ~ '
Quantity 012345 : 1 / 8 g
5 7@
} Total Waste Characterization Score! 4 V28 A 5
5 Targets -
Surface Water Use o122 3 3 ¢ 9 ¢
Distance to a 01 2 3 2 6
Sensitive Environment
Population Served/ O 46 8 10 1 20 40 20
Distance to Water 12 18 18 20
Intake Downstream = 24 (30 32 35 40
Tnotal Target Score L2 55 A
& If line 1 is 45, multiply 1 x 4 x5 ' ?ﬂg 0
If line 1 is O, multiply 2 x 3 x 4 x § - 64350 )IYX

7 Divide line 6 by 64,350 and multiply by 100 Ssw= 4.0 19,46

ot )36
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ESTADO LIBRE ASOCIADO DE PUERTO RICO / OFICINA DEL GOBERNADOR

Junta

de Calidad
Ambiental

o de vctubre ue 1Yo7

bl ORARDU

A :oSrta. HKaguel L. Cort
UDirectourg
Area Lontrol Contawinacidn

“ rr -
e Terrenus e
. v
P/C

: Sr. Victor J. fratta
Jefe Seccidan
Asesorawiento Técnicu y Ferwisos

13 : Israel Torres Rivera
Especiglista en Cieng
Principiante '

Auwbientales

ASULITU : - : Inspeccidn Vertedero Municipal de Maunabo

EL aia 2 de octubre de 1947, realic& una nueva inspeccidn
al verteuero de epigyrafe.

Inicialmwente visité el taller de Ovbras Pivlicas, para
coordinar con el Sr, Pedro Castro, Director sobre el manejo de
»es desperdicios en el vertederu de dicha lucalidau.

En vista de que el sefior Castro no estuvo dispunible al
wowento de la inspeccidn, we trasladé a9l referido vertedero.

Adjunto notiticacidn preparaua al Hon. Jusé& Kosa Lerrios,
Alcalae aonde se desylosan las deticiencias presenciadas durante
Ta investiydaciOn y accidn a seyuir en el caso. :

ITk/ tsp

L

Velando por Ia puraze que usted deses, en ef smbiente que le rodsa,

Oficina de la Junta: Calle del Parque NGm. 204 Esq. Pumarads / Direccidn Postal: Apartado 11488, Santurce, P. R. 00910 / Teléfano 725-5140



1o 4o wctupre e lua?

Mo, Jusl Lota werrios
alcalac '

APparildud tu

hhautieoo, Puerto kico 00747

i.ck: Inspeccidn Vertedero
liunicipal de liaunabo

£stinado senor klcalge:

La LivisiOon de Asesorasuiento Técnico y beruisos del Area
Control CountawinaciGn ae Terenos Ge esta Junta, realizd una
Nueva inspeccion ol Vertedero l.unicipal ae LnUﬂdDO el dia 2 ae
octubre we j4s?7. La reTHprCLiaﬂ ae¢l Caso Se tectud 8 los fines

e evalugr las ageficiencios sehgladas en la notificacidn fechads
el 11 e abril e 1Yo5. , -

be la investigociGn lievada a cabo a 1a faciliday ae
arispusicion final e uesperaicios snlidos no peliyrosos se
concluye 1o sigulente:

L= Les dacilidGauss i781Ces Tules cunu Caseta y

-~ SanITalr 0SS, 20 « BCus-nLran e CoLpieto vStauu u=
deterioro,
= Bl wirtens ro cuarece we oequipe e Erlierd éyuuid,
Tl T YO LA TR 4S8 Y eXTERTRY S,
S= 10 Se presenc10 vigilancia o registro ue entrous y
Sailda en ol ores donde ubica 1a caseta ael juaraia.
G- wb se ouservd rotulaciin duecludta tanto en el exterior
COmu Gaentrau g las fact1liuades,
. S En CLanto a las wperaciones uviariss gel vertedero se

ounservd ue;

A) Los lgsecnus SON SCLEerrasos adecCUacaviente, pese a la
falte ue equipe jesaoe ue oCarree el material qe
rellenu hasta lg seccidn ue vertico agidrio.

B) Pertsnecen varius rescatacores oe uesperdicios en los
p"'Lu]Oa ol Veris gerg,

Volando par 1) pureza oue ustod J2e03, en 2l sinbiirni: quae le rciaa



(

{

- ';7'»‘4—1;,:5 LY e ¥ Lol
Frettoauilivad el iglerial e reliwan "L ATSTE HLE
perniten lda yeneracidon ue jugos de lixiviacion y su
percolacion 3 través dgel sistema. Es vor esto que es
necesario establecer dicho drenajes y declives acecua-
dgos que minimizen el estancawmiento o percolacion de
aguas de lluvia.

- Es sumamente importante proveer al vertedero ge la
verja anteriormente existente ya que se desconocen 1os

limites colindantes y expansiones efectuadas a la
faciliaad.

A estos efectos el municipio deberd someter un Plan de
Operacidon actualizado y up Plan de Cumplimiento en donde se
desglosen las deficiencias descritas y se establezcan periodos de
tiempo para la correccidon de las mismas.

Las ageficiencias requeriran ser corregidas de acuerdo al .
plano de aesarrollo sometido originalmente por la firma Huyked‘,
Colon y Ulabarrieta.

En vista de 1o antes detallaado, esta Junta le concede -
veinte (20) dias a partir del recibo ue esta notificacion para
que se radiquen los docuwentos sehalados.

Finalmente le recomendawos designar un oficial de enlace
que coordine todo lo referente a las deficiencias, supervision y
docuivzntos relacionaaos con el vertedero.

Para cualquier duda al respecto, favor de coiunicarse 3l

Tel. 722-0000.
‘'Co dii}ﬁiﬁte, S
/) </ '(/,W (f
S

B P
. L QA
-C '4ue G. Cortg \
irectora

rea Control Contaminacidn
. de Terrenos

Y/

ITR/ fsp



Oficina del Gobernador
JUNTA DE CALIDAD AMBIENTAL

PROGRAMA CONTROL DE DESPERDICIOS SOLIDOS

IriSpecclbn de Venedqros

1. a. Clase de vertedero

\ ) “Munictpal [TF Privado /7
b. Localizaclén: /’A 0 ﬁgo _
Carr. ') S kl Km. 2§ Hm.

c. Munleiplo: _MaAv anbs
II. a. Tipo de Operacién ; j/ lL iy )A\HJA(M

b. Tamafa del predlo: g <ds-

C. Vertido & cuerpo de agua (lndique)

' [/ rlo [/ lago /7 playa
III. a. Sistema de QOperacién:
/7 &rea / /7 trinchera modlificado
b Indlque dlas de operaclén y horario : Dias L “,:“..v a [/ ALY R
Hrs, 70409 AM. a_5%30  p.m,

IV. Personal encargadc de las actividades : .

a. Tftulo St No
Supervisores () (9
Operadores / (&) ()
Celadores | () () -

Otros (especifique)

V. Clase de equipo utilizado (Indique cantidad y capacidad)
a. Compactadores :

b. Palas mecénicas ; - SQ‘V‘L 750 (/)L//‘/«ti’)
c. Otros (especifique) ¢ é7u~ ¢ AU m,u)

V1. Describa facilidades en el vertedero, haclendo un signo de cotejo ( ) en el

encasillado correspondiente

Factlidad 8L No Bueno Regular Malo
1. Portén | (o () () (¥ ()
2, Caseta (Y () () () (W)
3. Rétulo () (vy () () ()
4. Balanzasg () (Y () () ()
5. Acceso (Y () () (- ()
6. verja () (W () () -0
7. Facilidades de () («y () () ()

mantenimiento



St No Bueno Régular Malo
8. Facilidades Saritarias | () () () () ( 3
9. Agua Potable (o) () () () ()
i0. Energla LEléctrica (9 () () () ()
1. Uso de Insecticidas () (o () () ()
12. Control de Incendlos () () () () ()
13. Factlidades Primera Ayuda () (Y () () ()
14. Facllldades de Comunlcacién () (9 () () ()
15. Verja portatil para Control () () () ' () ()
Volado de Papeles
16 . Control de Polvo () (94— () () ( .)‘
17. Sistema para el control de
incendlos L () cubos de agua () extinguldores
I -
() arena ( ) otros
18. Indique facilldades dispo-
nibles para el manejo y dispo- _
sici6n final de; ) a. chatarra y objetos grandes
. . ' l\/l‘ - i
- -~ b. desperdiclios téxlcos, peligrososy ../
patolégicos A
19, Otros

VII. S1 es vertedero de rglieno sanitarlo, Indique el material usado y procedencia

|\‘ d..\ e fﬁ Wy Il \ 6

VIII. Deflclenclas en la operaclén
a. Problemas de vectores:
( ) Ratas ( ) Moscas ( ) Mosquitos
( )} Otros (especifique) . 4
b. Indique si hay presencla de res_éitggores_ de desperdiclos y/o animales: *, i

c. Presencla de fuego: ( ) Superficial ( ) Subterréneo /\.(" 0
d. () desperdiclos al descubierto fuera del &rea de vertido mv7 /‘ v

-~



e. ( ) no se aplica suriciente materlal de relleno

L2 2
.

( ) deficlente operaclén de esparcir, compactar y soterrar desperdici- ¢
sélldos

(v carece del equlpo pesado necesarlo

n

h. ( ) contaminacién abastos de agua
. (“¥7problema de lixlviacién (leachates)

j. () problema de poivo fugitlvo

Comentarlos:

. 1 /: JL’\! Zmzﬂll " (.’ 1€,/ J‘u 'd \ )
‘1 : UA /Qv\/Vl-’Q"j,.x,v j(é/j '\)j | (‘Q,/A \L./>"—//n‘ \’/Q/VQN'\I Cl\ 3

1 /m,//' /}f}

Fecha de Inspeccitn

l(ﬂ

Feckhd@ de Notlflcaclédn

Firma y T(tulo Persona Notificada

(Llénese er caso de Re-lnspeccldn para sefalar accléon tomada)

Fecha Ira. Re-inspecclén . _ de . de

( ' Cumplib , ( ) No cumplié ( ) Parcialmente cumplicda
Ccmentartos: '

_f:g-;:ha 2da. Re-inspeccién : de de
() Cumpli6 ( ) No cumpll6 ( ) Parcialmente cumplida
Comentarics: ’
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¥ devieiion oom sl pege earrespondiants pars prasequir oph Jea \uhmitas pertinentes,

2 de junio de 1981

Hon. José Rosy Berrios
Alcalde

Maunabo, P.R, 00707

N RE; Vartedero Munieipsl
Estimado sefior Alcaldes |

Persanal thqnico del Progrema Contaminacién de Tesrenas, munm
visita de inspescita al vertedere munieipal pars evaluar Is epernoity dol-
mismo, S L - C T : R

 Sobrs el particular deseo informarie que on ol momeno de la visimse -
encontrd unas defioiengias en Jos labores de esparplr, compactailo y soterrsdo
de log desperdicios. Las gomas y chatarres s¢ dispenea ¢n farme inadetninda.
Estas s@ sncusatran abandonadas sabre el trreno presentardse un preblema de

desarrollo poteactal de vestares ¥ fueges, o

o Gran parts del terrene (Areas tarminedas ¥ taludes) presenta un problema

de erosidn a gonsesuenaia de las agvas de lluvia. Al presenta no existe un

canal © medio adecusdo para desvisy lag aguag hacia un puato detsrainado »
ﬁ)ﬁﬁ_d‘l.l“l’ﬂ'y-' _ e e ST

_ ‘DQ'l.ellﬁ-l, nwulldom;o h opmomn .dd la ngul,ﬂfad, en eunuh u Heva
a cabo #in el dedido permiso da esta Junta, A tales. ofecins 1o estames saviando
los formularies da selicivad do permise, los cvales debertn 807 sumplinentades

el

_ Las defioiemcias epersuionales asi ¢oms la falta dol permiso do-oporagidn =
constituyen violagion a las Reglas 302 (A) (N (E) y 903 de} Reglamanto pam ol

Coatrol _dc lon Dc_lpordlolu_ 86lidos, Peligrosos y na Peligrscs de asts Junta.
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Oficina de la Junta: Calle del Parque

ESTADO LIBRE ASOCIADO DE PUERTO RICO / OFICINA DEL GOBERNADOR

Iro. de junio de 1981

MEMORANDO
A ¢ Ing. Luis E. de la Cruz )éw
Director
Programa Contaminacién de Terrenos
P/C ' ¢ Ing. Bartolomé J. Caﬂellas7
"~ Director '
Negociado Desperdicios nicipales
: Srta. Florilda Forestier, Sub-Directora ﬂ/ =
Negociado Desperdicios Municipales -
DE : .+ Victor J. Matta, Jefe SecCrdﬁ,
N ‘ Estudios Especiales
ASUNTO : Visita inspeccién Vertedero de Maunabo

El dfa 13 de mayo de 1981, realicé una visita al vertedero mencionado
en el epfgrafe, acompafiado deél Sr. Roberto Berberena. Durante la inspeccién
fuimos atendidos por el Sr. Pedro Lebrén Garcfa, operador de equipo pesado.

Sobre el particular le informo lo siguiente;

1- La facilidad en cuestién se encuentra localizada en el Bo. Palo Seco
al Norte del Km. 2 Hm.5 de la Carr. 759 de dicha municipalidad.

2- Cuentan con una buena caseta dotada de las facilidades necesarias

con espacio para guardar el equipo pesado. También existe otra pequefia caseta
para el celador, localizada a la entrada.

Velando por la pureza que usted desea, en el ambjente que le rodea,

Num. 204 Esq. Pumarada / Direccién Postal: Apartado 11488, Santurce, P. R. 00910 / Telétfono 725-5140



3- En el rea de operaciones se observéd que se est& utilizando el método
de trincheras para disponer de los desperdicios recibidos. El material de relleno
sobrante de la excavacién preparada se estaba utilizando para soterrar unos des-
perdicios esparcidos y compactados dejados al descubierto en dfas anteriores.,

4-Se encontrd un area con dos chatarras y gomas abandonadas desde
bastante tiempo.

5~ El equipo pesado lo era una pala mecénica que se utiliza para preparar
trincheras y las labores de esparcido, compactado y soterrado de los desperdicios.

6- Se observé un problema de erosién del terreno a consecuencia de las
aguas de lluvia. No se observé un canal o medio adecuado para desviar hacia
las orillas del sistema las aguas de lluvia.

Observaciones:

1- De acuerdo al expediente del municipio el vertedero es operado en
forma ilegal aunque cuenta con los endosos de Agencias concernidas , La
Declaracién de Impacto Ambiental y el permiso de construccién.

-

2- En comunicaciones anteriores se ha solicitado al Hon. Alcalde someter
los formularios de permiso para continuar operando la facilidad.

Se recomienda solicitar de nuevo se cumpla con los trdmites de permiso
clg operacidn y se corrijan las deficiencias en la operacién.
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FSTADO LIBRE ASOCIADO DE PUERTO RICO / OFICINA DEL GOBERNADOR /
‘

29 de noviembre de 1979

MEMORANDO

A Sr. Jaime L. Ortfz, Director\
Area Contaminacién de TerrenQs \

P/C , : Ing. Bartolomé J. Caiiellas, Je M
Seccibén Asesoramiento Té&cnico'

DE : : Mig%m&n, Ingeniero

ASUNTO : Asesoramiento e inspeccidtn
: Vertedero Municipal de Maunabo
El dfa 1 de noviembre de 1979, acompafiado por el Sr. Pedro Lebrén Garcfa,
operador de equipo pesado, realizé la inspeccibén sita en la carr. PR-759, km.
2.5 en el Barrio Palo Seco del Municipio de Maunabo, Puerto Rico. De la ins-
peccibn realizada puedo informar lo siguiente:

1) Este vertedero opera en forma eficiente en la fase de esparcir, com-
~pactar y soterrar los desperdicios sélidos. No obstante, debers aplicar més

cantidad de material de relleno a los desperdicios compactados de manera que
todos los desperdicios sean cubiertos,

2) Carece de las siguientes facilidades, aunque muchas de ellas se en-

cuentran en proceso: facilidades de primera ayuda, uso de insecticidas, agua
potable y control de poivo, '

3) Este vertedero recibe chatarra en pequefias cantidades.

4) Cuenta con una pala mecénica grande con una cuchara de 14 pies de
ancho la cual es eficiente en este tipo de operaciétn,

Velando por la pureza que usted desea, en el ambiente qQue /e rodea

Oficina de la Junta: Calle del Parque NGm. 204 Emq. Pumarada / Oireccién Postsl: Apartado 11488, Santurce, P. R. 00910 / Teléfono 725-5140
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Esta facilidad cuenta con los endosos del Area de Recursos Naturales del De-
partamento de Obras PGblicas, 3 de noviembre de 1972, del Departamento de Salud,
1 de agosto de 1972, de Planificacién, 13 de agosto de 1976, Declaracién de Im-
pacto Ambiental, Solicitud Permiso de Construccién 16 de agosto de 1977, Plan de

Operacibn, 25 de agosto de 1977. El 14 de septiembre de 1977, la Junta de Calidad
Ambiental, le otorgd el permiso de construccidn de nueva facilidad.

Esta facilidad se encuentra en operacibn antes del 16 de septiembre de 1973,

Recomendaciones:

1) Notificar al Hon. Alcalde los resultados de la inspeccién y solicitarle

que someta los formularios de permiso DS-2 para continuar operando la facilidad
de disposicién de desperdicios sélidos.

2) El Hon, Alcalde debers hacer las gestiones para proveer las siguientes

facilidades: uso de insecticidas, extinguidores, agua potable y control de polvo
fugitivo,

Anexo:
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ESTADO LIBRE ASOCIADO DE FUERTO RICO / OFICINA DEL GOBERNADONK ' L

o
YT | \ v
Ambiental : o

14 de agosto de 1978

MEMORANDO !
A :  Sr. Jalme L. Ortiz\ Y
Director :
Programa Desperdiciof Solidos
P/C : Srta. Florilda Forestier®
Especlialista en Rec. Nat.
DE : Sr. Julio Toro
Especlalista en Rec. Nat.
ASUNTO : Llamada al Municipio de Maunabo

El dfa 24 de jullo de 1978, me comunlqué con el Munlciplo de Maunabo con ~
propésito de Indagar sobre las gestiones realizadas por el municipio para obtener
drea y materlal de relleno para disponer los desperdicios sélidos, ya que la ultima

Inspecclén (28 de jullo/78) revels que dicho vertedero no posefa material de relleno
para segulr operando.

El Alcalde estaba en San Juan y me comuniqué con el Sr. Sixto Diaz, Director
de Obras Pablicas el cual me informé lo siguiente:

1- El Municliplo de Maunabo le prohibié el tiro al Munlciplio de Patillas en el
vertedero de Maunabo.

2- El Municiplo de Maunabo adquirié la parcela de terreno en forma de loma al norte

del vertedero., Esta pertenecfa a Isabeloc Dlaz (ver mapa) y es de 1.72 85 cuerdas de
cabida.

3- El municlplo esta usando un sistema de trincheras en el predio entre el 4rea
de vertido y la nueva propledad adquirtda.€uando se llegue al l{mite de este predlo,
se comenzard a usar un método de 4rea usando el material de relleno de la nueva parcela.

RECOMENDACION

El Sr. Sotelo Indicé que se le debe solicitar al Alcalde que Inlclé todos los tfémltes

. correspondientes para la adquisicién de la parcela, ya que se hlzo sin nuestro conoci-

miento.

DS/7T/lco

. Velando por la pureza que usted dessa, en el ambiente que e rodea.
Oficina de la Junta: Calle del Parque NGm. 204 Esq. Pumarada / Direccibn Postal: Apartado 11488, Santurce, P. R. 00910 / Teléfono 7255140
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GEOHYDROLOGIC DESCRIPTIONS OF SELECTED SOLID~WASTE
DISPOSAL SITES IN PUERTO RICO

by

Arturo Torres-Gonzdlez and Fernando Gémez-~-GOmez

ABSTRACT

Fifty solid-waste disposal sites in Puerto Rico were examined in 1977 and
ranked according to their potential for degradation of the water resources.
Twenty-five of the sites show significant leachate pollution potential, The
cover material at 2] sites is relatively permeable and offers insignificant
attenuation to leachates. Thirty-six sites are adjacent to streams and nine
of these are located in headwater areas. Rainfall is abundant and at 40 of
the sites exceeds 1,500 millimeters per year.

General description of the 50 disposal sites are given with their geo-

‘hydtologic setting., Baseline data consisting of specific conductance, pH,

temperature, dissolved oxygen, and common ions were obtained at many of the
sites. Such information provides .a technical basis for assessing future _
effects of those solid-waste disposal sites on the quality of water resources. _

INTRODUCTION -

In 1977, under the auspices of the Islandwide 208 Project, the U.S.
Geological Survey made a reconnaissance of 50 selected solid-waste disposal
sites. The objective of the reconnaissance was to provide the Division of
Solid Waste (DSW) of the Puerto Rico Envirommental Quality Board (EQB) and the
Islandwide 208 Project with a generalized description of the geology and
hydrology of the sites, Although general in nature, the information provides
sufficient detail for the DSW to rank the sites as to potential for degrada-
tion of the water resources,

Prior to 1977, little information was available on the disposal sites on
the island with the exception of a reconnaissance made by the Survey in
1975 in cooperation with DSW on six sites (GOmez-Gomez, 1979).

The completion of this reconnaissance providés the necessary information
to enable DSW to determine which sites would require closer monitoring of
operations. Additionally, the Islandwide 208 Project receives information
which would aid in the 208 Project's responsibility to improve or maintain the
quality of the island's water resources.

Some general findings of this solid-wvaste disposal site reconnaissance
are that many of the sites:



EXPLANATION

FOR FIGURES 2 THRU 51

TOPOGRAPHIC CONTOUR --Shows elevation of land surface
in meters. Contour interval varies from 5, 10, 20, 50, and
100 meters. Datum is mean sea level. )

INTERMENIATE TOPORRAPHIC CONTOUR =~ Shawa elevation of
land surtace in metars. Contour interval 2,3, and 4 meters.

Datum is mean sea level.

2

—--1----- SUPPLEMENTARY TOPOGRAPHIC CONTOUR -~ Shows elevation
of land surface in meters. Contour interval 1 meter. Datum is
mean sea level. .

emsmsemm—= HARD SURFACE, HEAVY-DUTY ROAD
e—ma—m—em— HARD SURFACE, MEDIUM-DUTY ROAD
———————— |MPROVED LIGHT-DUTY ROAD
—====== UNIMPROVED DIRT ROAD
R — TRAL
@ HIGHWAY NUMBER -
—— MUNICIPIO OR BARRIO BOUNDARY '
P sSoLID WASTE DISPOSAL SITE --Shows location of site.

Large P next to some sites means proposed sites.

'2 SAMPLING SITE AND NUMBER

Base map used in fiaures 2 to 51 are from USGS topographic maps,
scale 1:20,000, dated 1968-72.
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MAUNABO SOLID~WASTE DISPOSAL SITE

l. General infqrmation:
A. Barrio: Palo Seco.
B. Latitude 18°00'54", longitude 65°55'25",
C. Date established and size (ha): 1974; 3.1,
D. Type of waste: Municipal,

E. - Loading (m3/day): 75 (estimated),

F. Operating method: Landfill,

2. Geologic formation: Plutonic rock (Tkp), and alluvial deposits (Qa).

3. Cover material: Loose saddy material,

4. Approximate depth to water table (m): 10.

5. Drainage stream: Adjacent to RIo Maunabo flood plain.

6. Pollution potential:

Cover material is highly permeable and offers little attenuation
to leached substances, Rainfall in area averages about 1,770 mm per

year. When visited, no leachate was observed. Leached substances
might move downward and reach local ground-water system,

91




GEOLOGIC DESCRIPTION--Continued

Solid-waste dis- Geologic : Reference
posal site symbol Description number

27 Jayuya Tkg Plutonic igneous rocks. 11
28 Juncos Tkgo Plutonic rocks, 6
29 Lajas (new) Kt Tuffaceous breccia and tuff. 6
30 lajas (old) Qs Swamp and marsh deposits. largely or- 6

ganic swamp muck, locally sandy or

silty, and peat; water in these

swanps is commonly moderately saline.
31 Manati . Tay; QTb  Tay,--Aymamén Limestone. 17

QTb.--Blanket deposits, clay, sandy clay

found between limestone ridges and

believed to have been lowered by

solution of the underlying lime-

stone (Briggs, 1966)., 0-30(?) m

thick.
A32_ Maricao Ky Yauco mudstone. 6
33 Maunabo TKp; Qa Plutonic rocks, diorite and grano- 6

diorite rock of the San Lorenzo

batholith.

Qa.--Alluvial deposits,
34 Mayaguez -~ Kt Lava tuff and shale. 6
35 Naguabo Qa Colluvium,. _ 6
36 Naranjito Kp Perchas Formation. 25
(proposed)

37 Orocovis Kr Robles Formation. Medium gray to 4

light-brown tuffaceous siltstone.
38 Quebradillas Tay;QTbs Tay.--Aymambn Limestone, White to 19

very pale orange, locally pale yel-
low and grayish=-pink very pure lime-
stone; lower part generally indurated
into finely crystalline rather demse
_limestone, locally a rubble of re-
cemented solution fragments generally
of cobble size; upper part compact
very finely crystalline chalk; on
surface both parts weathered and re-
cemented into irregular, solution
sculptured dense limestone having
abundant sharp spires a few centi-
meters high; thickness is 200+ m.

144
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CARIBBEAN REGION

The alluvial aquifer generally will yield but a few liters

per second to wells, with the exception of the alluvial.

fans on the north edge of the valley, which will yield as
much as 20 L/s. The limestone aquifer reportedly yielded
30-120 Li/s to wells in the 1940’s, Yield to wells of 10-30
L/s are obtained from what is probably the volcanic con-
glomerate and massive limestone aquifer.

Agriculture is the main activity in the valley and is
largely dependent for irrigation on intrabasin transfer
of water from Lago Loco in the Guanica Valley. Ground
water was used for irrigation prior to the completion of
the irrigation canals in 1955, but most irrigation wells in
the valley have since been abandoned because of the
poor quality of the ground water. Presently the only

- wells used for irrigation are in the La Plata Basin. There

are a number of small-capacity wells used for stock
watering. The major ground-water discharge is by flow-
ing relief wells and tile underdrains used to control
water-logging of soils in the eastern part of the basin.
The decline in ground-water pumpage and the importa-
tion of surface water apparently has had an impact on
the water budget of the valley. Water budget estimates
indicate that net recharge is approximately 5.5 hm3/yr
(cubic hectometers per year). By means of a salt-balance
calculation, Anderson (1977) estimated the recharge to
be about 45 mm/yr (5 hm?/yr). This “net input” may be
real, for 74 percent of the valley had water-table in-
creases in 1974; this trend has been observed since in-
troduction of irrigation water from Lago Loco reservoir

_ in 1955.

WEST COAST PROVINCE

Four alluvial valleys on the west coast have some
potential for ground-water development (fig. 8). The
greatest potential exists in the Rio Guanajibo valley (89
km?), but moderate amounts of freshwater can be ob-
tained from the Rio Yaguez valley (7 km?), the Rio
Grande de Afasco valley (48 km?), and the Rfo
Culebrinas valley (41 km?). Sugarcane cultivation and
processing are the main activities in the Guanajibo,
Afiasco, and Culebrinas areas. In the Rio Yaguez valley,
the town of Mayagiiez and adjacent urban development
have almost completely covered the alluvial surface.

The Rio Guanajibo valley deposits consist of detrital
clay, silt, sand, and gravel and one or more beds of
limestone. Depth of alluvium is at least 24 m. Limestone
in the western part of the valley is more than 30 m thick
but thins to the east and is reported to be absent near
San Germén (Anders, 1968).

Yields of the more productive wells tapping both
alluvium and limestone in Rfo Guanajibo valley range
from 25 L/s to 95 L/s. Wells tapping alluvium are more
numerous and have yields between 1.5 and 38 L/s.

Ull

In the Rio Yaguez valley, alluvium is the principal
aquifer and has a maximum known thickness of 60 m
(Bogart and others, 1964). The alluvial deposits are
underlain by alternating layers of clastic sediments and
limestone. Well yields are reported between 3 and 25
L/s. Yields of more than 25 L/s may be possible for wells

in alluvium near the Rio Yaguez or where fragmented

limestone is overlain by alluvium.

The Rio Grande de Afasco alluvial valley is relatively
flat and has poor drainage. Alluvium is as much as 139 m
thick, the maximum reported depth. The alluvium con-
sists predominately of clay strata interbedded with beds
of sand and limestone. The better water-yielding areas
may be located toward the center of the valley and

possibly in the apex of the alluvial fan, where more sand

and gravel are likely to have been deposited.

No information is currently available on the alluvial
aquifer of the Rfo Culebrinas valley, but the aquifer is
probably similar to that of the Rio Grande de Arasco.

EAST COAST PROVINCE

This province consists of the coastal area extending
east of Punta Picua on the northeast to the Rio Maunabo
valley on the southeast. Four major areas make up this™
province: Fajardo, Naguabo-Humacao, Yabucoa, and
Maunabo. -

FAJARDO AREA

This area consists of the interrupted narrow coastal
plain and small valleys from Punta Piéua on the north to
Punta Lima on the east coast. Alluvium, the principal
aquifer, consists of lenticular beds of clay, sand and
gravel, and rock fragments to a depth less than 30 m.
The best water yielding formations are in the vicinity of
Fajardo. Yields to weils range from 13 to 62 L/s, but the
water is brackish to saity. Most attempts at obtaining
freshwater have failed in this area. Fresh ground-water
yields as much as 60 L/s may be possible in the upper
alluvial valley of the Rio Fajardo, where inflow may be
induced from the river through the predominating
gravel and sand deposits.

NAGUABO-HUMACAO AREA

This area includes the coalescing alluvial deposits in
the lower valleys of the Rfos Santiago, Blanco, Anton
Ruiz, Humacao, and Candelero. Alluvium in most of the
area consists of clay and silt. Alluvium in the Rio
Humacao, which is derived from the granitic San Loren-
zo batholith, has considerable quantities of sand. The
maximum recorded thickness of alluvium is 50 m in the
valley of the Rio Anton Ruiz. Yields to large diameter



U12

wells obtaining water from fine-grained alluvium
average about 9.5 L/s, whereas wells tapping sand and
gravel beds such as found in the upper valley of the Rio
Anton Ruiz yield as much as 32 L/s.

YABUCOA AREA

This area consists of the Yabucoa Valley, which has
been incised in the San Lorenzo batholith. Alluvium is as
much as 122 m thick in a depression near the center of
the valley and about 30 m at the artificial harbor at the
southeast edge of the valley. The alluvium consists
largely of clay but has appreciable amounts of sand.
Yields to wells average about 32 L/s and range between
6 L/s and 127 L/s.

Optimum development of the aquifer under present
conditions would yield 45,000 m®/d (cubic meters per
day) (Robison and Anders, 1973).

MAUNABO AREA

The main aquifer in the Maunabo area is alluvium as
much as 60 m thick that contains lenticular deposits of
sand, gravel, and cobbles.

Well yields in the alluvial valley range from 1 L/s to 95
L/s. Yields greater than 30 L/s may be possible to weils
constructed in places where sand and gravel are well
sorted and have a saturated depth in excess of 30 m.
Wells along the Rio Maunabo and Quebrada Arenas
have high yields because of induced infiltration from the
streams.

Optimum development of the aquifer under present
conditions would yield about 8,000 m?%d, as indicated by
a model analysis (Adolphson and others, 1977).

INTERIOR PROVINCE

Most of the Interior province is mountainous terrane
consisting of volcanic rocks, a few interbedded
limestones, and intrusive rocks. Small isolated alluvial
deposits are present in the major river valleys. In the
Caguas-Juncos Valley (80 km?), alluvium consisting of
clay, sand, and gravel averages about 18 m thick in the
vicinity of Caguas and about 37 m at Gurabo. In the
Cayey Valley (8.7 km?), alluvium consists predominately
of clay and rock fragments and averages about 7.5 m in
thickness.

The bedrock will yield from 1 to 30 L/s to wells that
tap fracture systems. The higher yields usually are ob-
tained in the valleys where fractures are more abun-
dant. Yields to wells from the alluvium and underlying
bedrock in the Caguas-Juncos Valley average about 15
L/s and in the Cayey Valley, about 11 L/s.

SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES

WATER QUALITY

A seawater-freshwater interface is present in the
aquifers throughout the coastal areas of Puerto Rico,
usually within a short distance inland of the coastline.
The greatest inland penetration is adjacent to rivers and
lagoons or where ground-water pumpage has caused en-
croachment. Water from alluvial aquifers along the
coast locally will have high concentrations of iron and
manganese. The source of these minerals is unknown,
but they may be derived from buried swamp or lagoon
deposits.

In southwest Puerto Rico a magnesium bicarbonate
water, high in silica, is present in serpentine rock and in
adjacent aquifers that receive drainage from the rocks.
Water in the Lajas Valley is a sodium bicarbonate-
sodium chloride type; the minerals are probably the
result of residual seawater trapped in the aquifers and of
concentrations from bulk precipitation. .

Ground water throughout most of Puerto Rico is of a
caleium bicarbonate type (fig. 11), differing mainly in
the concentration of dissolved solids (table 3).

TABLE 3. - Range in dissolved-solids concentration for ground water in
Puerto Rico o '
ge of
sotliid“:‘:l:\vl.)
North Coast .. Water table: limestone and 200- 500
alluvium.
Do Artesian: limestone and 300- 400
clastic rocks.
South Coast ... Alluvium 300~ 500
Do Limestone i 500- 800
Lajas Valley . Alluvium, limestone, and 1,000-4,000
: conglomerate. .
West Coast .__ Alluvium and limestone —— ... 300- 500
East Coast .. Alluvium 100- 300
Interior Volcanic rocks 200- 500
Do i Intrusive rocks 100- 200
Do Seggntine e D00—_ 800
PUERTO RICO’S OFFSHORE ISLANDS
VIEQUES

The 132 km? of Vieques is underlain by volcanic rock
and granodiorite (fig. 7). Small patches of limestone are
present on the north and south coasts and the eastern
tip of the island. The principal aquifers are the sandy
alluvial deposits in the major valleys. Only two of the
alluvial deposits are significant to the water-supply of
the island - those in the Resolucfon Valley on the west
end of the island and those in the vicinity of Esperanza
on the southwest coast. '

The alluvial deposits will yield from 0.5 to 2 L/s to
wells, whereas the fractured bedrock will commonly
yield less than 0.5 L/s, as does the limestone of the south
coast.

The civilian population, between 9,000 and 10,000 in-
habitants, relies almost entirely on ground-water pro-
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l
EXPLANATION

D> Sea water intrusion noted
Zones containing saline water or zones suspected
to contain saline water becouse of local geologic
and geographical features.
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."‘ COMMONWEALTH OF PUERTO RICO / OFFICE OF THE GOVERNOR
o D .
%

Environmental
Quality Board

September 23, 1988

YMr. Juan Gutiérrez
NUS/CORPORATION

1090 King Georges

Suite 1103

Edison, New Jersey 08837

Dear Mr. Gutiérrez:

Enciosed you will find ali tne intormation you cequestea to our
office. We have the description of the abbreviations G and S of the

document ;

"Public Water Supplies Systems Major Sources: Groundwater and Surface

Water".

The G stands for groundwater and the S for surfacewater. The rest of
the abbreviations can be obtained from the Office of Permits,
Management and Information System, with Mr. George Nussa, Section
Chief, at the Environmental Protection Agency (EPA), New York,
telephone number (212) 264-9850. We obtained this document from their

Division.

In case of any question do not hesitate to contact us at the

Environmental Quality Board (BQB) at (809) - 722-0077.

Sincerely yo

Acting Director
Air Quality Board

EV/jts

OFFICEOFTHEBOARD:ZNDELPARQIEST.CORNEROFPWMRADA/MUNGAD

) DRESS: P.O. BOX 11488,
SANTURCE, PUERTO RICO 00910 / TELEPHONE: 7255140
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Alluvial deposits
Sand, silt, clay, and gravel floodplain and terrace de-
posits, and piedmont fan deposits; also includes
colluvium at margins of alluvial deposits

6719 T B G/ 00 Ta6tm

Landslide deposits Beach and dune deposits
Commonly composed of blocks and residual boulders 10 Largely calcite, quartz, and for) volcanic-rock-fragment
Jeet or more across in a matriz of clay, sand, and sand with locally conspicuous magnetite; includes

gravel pebble and cobble deposits and organic reef rubble,

eapecially along the south coast; locally includes
cemented sand (beach-rock) in bands parallel to the
shore; includes some made-land at San Juan,
Mayagilez, and Playa de Ponce

Compound dunes
Friable eolianite and marine sandstone largely com-
posed of calcite and quartz; some hard calcarenite
beds 10 feet or less in thickness; located principally
along the north coast

Blanket deposits
Quartz sand, clayey sand, sandy clay, and clay; prin-
cipally in the north coastal plain and in areas of
karst topography developed on strata of Oligocene
and Miocene age

f

1'1

Largely «
and pe
maodera
Juan, M
Puerca



Upper Cretaceous Paleocene and(or) Eocene

Lower Cretaceous

\ ¥

)

Ts

/,_Tsl

Siltatone, sandstone, conglomernte, liva and waff

Probably mostly deposited in a ma rine enironment; Tsi,
ertensive algal limestone beds, locally at base. Lo-
cally deeply weathered. Unit as shown on map
probably includes some plutonie rocks and some
hydrathermally altered rocks and may include some
strata of Cretaceous age. Total thickness may ex-
ceed 6000 feet

LOCAL UNCONFORMITY

Kt Ktl

Tuffaceous sandstone, siltstone, breccia, and
conglomerate, lava, and tuff
Marine lava, tuff, and volcanic sandstone and siltstone
predominate in lower part; in upper part marine
and sub-aerial tuffaceous conglomerate and sub-
aerial and marine tyff and tuffaceous breccia pre-
dominate; Ktl, some pure and tmpure limestone
lenses most common in the southwestern and south-
central parts of the map;some hydrother nally altered
rocks. Extensive deep weathering. Unitas shownon
map includes all Cretaceous strata believed to be stra-
tigraphically above the base of the Robles Formation
(Pease and Briggs, 1960). However, the lower part
of the Robles Formation may be of Early Cretaceous
age. As shown also may include some strata of
Paleocene and (or) Eocene age. Total thickness may
exceed 20,000 feet

LOCAL UNCONF_ORMITV

Ki F—Kil

Lava, lava breccia, tuff, and tuffaceous breccia
Largely deposited in a marine environment,; some thin-
bedded sandstone and stltstone; K, some limestone
lenses; some hydrothermally altered rocks; some am -
phibolite. Ertensive deep weathering. Some strata of
Late Cretaceous age may be included within this map
unit. Total thickness may exceed 30,000 feet

UNCONFORMITY

TKs <3-TKsl .

Sandstone, siltstone, conglomerate, lava, tuff, and
tuffaceous breccia

Largely depasited in @ marine environment. TKsl, some
limestone on Isla de Vieques. Extensive deep weath-
ering. Unit as shewn on map contains a few lo-
calities from which Paleocene and {or) FEocene fossils
have been recovered, but other evidence indicates that
most of these rocks may be Late Cretaceous in age

_ Serpentinite -
Serpentinized peridotite (?); probably emplaced during
the Early or early Late Cretaceous. Includes small

v
< >
- ~[‘K._p-t .

LRI

4

Plutonie rocks

Largely granodiorite and quartz diorite; some diorite;
minor quartz porphyry, gabbro, and amphibolite;
believed to have been emplaced during the Late Cre-
taceous, Paleocene, and Eocene. Includes some
hydrothermally altered rock and some areas of com-
plexly and intimately associated plutonic and vol-
canic rock. Locally deeply weathered
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Accuracy good—Data from detailed geologic maps
at 1:30,000 scale or larger

Accuracy moderate to good—Data from semidetailed
geologic maps at scales generally smaller than
1:30,000

Accuracy poor to moderate—Data from reconnais-
sance geologic maps at scales smaller than 1:30,000
and from large scale detailed maps of limited areas

Accuracy moderate to good on Isla Mona and Isla
Caja de Muertos. Accuracy poor to moderate on
Isla Desgcheo. Vieques, Culebra, and other islands.

%\\\\\ |

MAP SHOWING RELATILE ACCURACY OF PARTS
OF THE GEJLOGIC MAP

65 30° 1256 600

TERTIARY

I 65°15° 1283000
v > METERS
Geology compiied by R. P. E
Contact

Dashed where gradational or portion uncertain,
dotted where comnceciad

U
105-?

Fault
Dashed where approximately locaiid, queried where
doubtful or inferred, dotted wivre concealed; U,
indicates upthrown side, D, downtrrmumn side; arrows
ahow directions of aDDArent 2tr=ca-alin marew omd .
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INTRODUCTION

Puerto Rico is the vasternmost island of the Greater
Antilles and ~tards near the northeastern corner of the
Cuaribhean Sea (fig, ). It has roughly a rectangular
shupe -zbout 175 Km cast-west and 60 km north-
ceuth - and an area of §.497 kme, Inits political territory -
are several smeller dslands, including Isla de Vieyues
-l Isla de Clvbra to the east, Isla Desecheo and lsla ,
~lonato the west, wnd I5la Caja de Mucrtos to the south,
m »dits offshore islands all lie in the area

Puerto Rico o
Petween Jat 17787 and 18731 N., and long 65°14’ and
©ET WP L rto Rico Fes sbout 160 km south of the
Cuerto Rico Trench, which reaches depths of about !
Sdm=the Docpest hiown part of the Atlantic Ocean,

SOME IROPICAL LANDFORMS OF PUER O RICO

HoNescE

e rmain dsland is bounded on the east by the Vieques
t

3

assage tPasaje de Vieques) and on the west by th
lra Passage (Canal Jde la Maonay,

ficrto Rico has a grent variety of twdforms, par-

e

teadarly those reluted 10 a tropical climate, hecanse it 1
a high ixland subject to rapid eresion, its climate varies
from warm hurid to semiarid, and it has a variety of
rack tvpes that huve different erosional characteristios,

Most of the icland is mountainens (pl. 1). The Car-
diliera Central, from 13 to 25 km from the south coast,
extends from the west coast eastward for ahout 100 ki
further vast, the Sierra dJe Cayey continues east-
southeast to the southeast corner of the ixland. The ~
Nierrade Luquillo is an cast-trending range in the north-
cistern part of the island. Several other less prominent
mountain ranges are Jdeseribed inoa later part of this
report. This meantainous terrain is the Upland
previnee.

In northcentral and rorthaestern Puerto Rico,
Aszolution of Emestore Fas resulted in a belt of karst
trpography 15-23 Amyowide and aleat 133 &m ng ~the
Noerthern Karst province.

1, .

Near the sea, 5

: 4 .
e neds freen aldcor tnnone Coaseal

1
Pl"‘.\i LoV ersist mr o g e 9 ‘1 B BTAS
s b CNINCe, I R A TR £ VLR S v-nL.\‘.A.IE NHETAY) I'.‘.JIE.
ailuvial fans, and a sarety of Yeach and Bygoonal

) e o>
eSS,

PREVIOUS INVESTIGATIONS

The first scientific study of the physical yeography of
Puerto Rico was made by R. T. Hill (1899a. b, ¢) and was
tased on a visit he made at about the time of the Spanish
American War. Hill's observations were very general,
bt he called attention to the principal mountain ranges
of Puerto Rico; to the “pepino hills,” called now the
Nurthern Karst province; to "playa plains,” here describ-
ed as coastal plains; and to several features, such as the
“parting valley,” by which he neant valleys between
coastal hills and the central mountains, such as the Lajas
Valley in southwestern Puerto Rico. Hill also described
in very general terms the geology, soils, mineral
resources, and forest conditions of Puerto Rico.

In 1913 the Council of the New York Academy of
Scierces (Britton, 1919) proposed that the Academy
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| ancs causes extensive erosion and flooding and may .
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GEOLOGY OF PUERTO RICO

Puerto Rice consists of a central cast-west axis of
coduminants voleanic rocks, flanked en the north and
ath sides (Trfegs and Akers, 1963, Beinroth, 1¢69;
I"ux and Briggs, 1973) by younger sedimentary rocks
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I Vreons core ol e rode s

ool Lewer Cretiwrenis ol Bovene o

The Loaer Cretivenns Foeas ol oM sed
he center of the inned near Orocovis, Barraepatas,

wod Cidra and in beits that entend soesh om Clira
troigh Civey to Grase and vustanrd north of
Coguus, These pocks are n ;
Jepsits interspersed with lava fows, Near the tp of
the Lower Cretaceous Seyuehce, the vocanic rocks are
Daerlavered with a few discontinunus beds of reetond
Lmestone.

The Lower Cretacenus rocks are overfain by Upper
Cretaceous interbedded voleunic und sedimentary rocks
St include sardstone and corglomerate, derived from
voleanic rocks, and limestone depesited as reefs around
leanic islands, The Cretacedcus rocks are intruded by a
vamnber of masses of pritonic rock, generally of
granodiorite to diorite compositiun, that were emplaced
in very Late Cretaccous or early Tertiary time. The
largest masses of intrusive rock are the San Lorenzo
hatholith, which is near Sen lLorenzo, Las Piedras,
Hamacao, Yabucoa, and Maurubo, and the Utuado
Patholith, which erops nut in i vide Leit between Jayuya
and Lares. Smaller instrusive toudles wre present at
many places in the istand, in

. .. . Lo Ve
Fy suboarme vocanicoash

Liding areas un the south
sile of Sierra de Lusguillo, rear Murevis, and at Clales.
1n western Puerto Rico several boadies of serpentinite

are present iniinear belts

The Cretaceous rocks are over

. : ;
imy Cretalenis TOCKS,

N 'L'}' Pulcovene to
riddle Bocene rocks corsstng of ol and cedinentary
rocks, including conglon tr s {ragmients
of grancdiorite eronded Trom the s roows Mostof
these rocks are present on the northern and southern
Marks of the central core, bt some wre also presentina
faulted belt that extends westmorthwest across west:
central Puerto Rico.

The Cretacecus and lower Tertiary rocks have been
folded and intensely faulted into hundreds of fault
blocks (Cox and Briggs, 1973).

The folded and faulted Cretaceous and lower Tertiary

rocks are overlain unconformbly in both nerthern and

1

e tratoenen

southern Puerto Rico by conglomerate, sand, and clay of

Oligocene age, derived from zoils that had formed on ig-
neous rocks over a period of milliens of years and later
were reworked by the sea. The contact between the
older rocks and the overlying sediments is irregular and
has a moderate relief of a few hundred meters. The
Oligocene sediment is overlain by limestene of Oligocene
and Miocene age that in northern Puerto Rico is more
than 1,400 m thick and in southern Puerto Rico is more
than 1,000 m thick.



SONE

THOPICAL LANDFGRMS OF b4 R

Fuit ke 11, - Entrenched meander of Rio Grazde de Maratl, 3 8 km seuth-southeas: af Mor ws The peak west el the rver s P20 e

+

the river, which 0 this peint has an ait wede of 150 mi This roige fises 10 AT m west of the roerand & Mt g relge T tRe elte? fises o gt

LOWLAND AREAS

Included in the Upland province are several large low
areas surrounded by high mountains. Some of these
lowland areas, such as the Cayey plain south of the -
valley of the Rio de La Plata and the valley at Cidra, are

remnants of an old upland erosion surface. Most of the |

lowland areas, however, are places where weathering
has proceeded much more rapidly than elsewhere and.

consequently, has been followed by deep erosion. Most
such areas are underlain by intrusive rocks such as’

granodiorite or quartz diorite, which, after decumposi-
tion by chemical weathering, contain envugh quartz to
serve as a scouring agent. Many of these areas are
relatively small, such as the wide valley of the Rio
Granie de Manati between Morovis and Orocovis at the
southern edge of the Morovis stock of granodiorite (Ber-
rvhill, 1963), but two of the areas are large.

In the area between Jayuya and Utuado in west-
central Puerto Rico, the surface is covered with loose
clayey sand that is residual from underlying

as a scouring agent, the clay is easily eroded, and the
countryside is carved into many clesely spaced albiies
Erusior. has heen so rapid relative to the adjacent soil
derived from voleanic and metamoerphic rocks und net
bearing quartz that the area of the Utuado batholith 1=
now a basinlik= inwland surrounded by such high moun-
tains of volcaric rocks as Cerro Roncador and Cerro
Morales. ,

The largest lowland of this kind is the area of the San
Lorenzo bathoiith that covers most of the southeastern
corner of Puerto Rico between Las Piedras ani
Maunabo and between San Lorenzo and Humacao. The
granodiorite and quartz diorite in this area hasx
weathered to slightly ferruginous clayey sand, and the
rapid erosion common in sandy soils rich in quartz has
caused the landscape to be eroded into a close network

~ of gullies, which are small hillside valleys having steep
sides and are separated one from the next by sharp

|
|

ridges.
Especially striking in this area are the thousands of
granitic core stones, which give Las Pledras its name

granodiorite and quartz diorite. Because the quartz acts | (fig. 12). These core stones are the centers of joint blocks
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L g e and granehorite, Oround waler con-
ininy Pt fernoed cartemie acid secps dewn plices
rocks have been cut by wdely spaced
Jeints ceis o wenthering of some of the ninerals in the
AUt Je ot sidess The roch near the Jontis

ntociianey sand. This soiliRe matenal s
vhaiV elinde o the jointUis widened inte a small gully,
Eventually o Loder conditions of mapid erosion, ali the
weathered ©oon iy removed, leaving {resh rock exposed
cnly e the - =nter of the blocks. When the weathered
rock has beets removed from the fresh rock, weathering
aimost ceases. a0 the stone remains on the surface asa
residual cire stone. Such stores cap many of the hills in
the Las Pieirns area.

The Caguzs Valley is anbther lowland related in origin
to other areas of vuterop of granitic rocks but madified
by Jepositio
valley, similar to those on the north side of the Rio
Gurabo at the foot of the Sicrra de Luquillo (Broedel,
T061).

where gran o

LTS O TO S RTREN

. b e e
Mis cladighe
Wi
i

N
&
3
1%

FAULT-LINE SCARPS aND VALLEYS

The rocks of the Upland province have been cut by
thouszands of faults, At the sides of the faults the rocks

AT

.,'-ﬁ." )
LD

- Cure stones on crest of hill

r. of alluvial-fan deposits on the sides of the

uartz diorite about 2 km southeast of Juncos, in the Las Piedras area.

NTRE ) ' v

Fave boeen Shattered by the mevemrents into a gonge
WO ZIand W aler Can sech ciast 3 TR a0 Page s
more rapid weatheriog than ciaewhere in the rock mass,
This so facthitates erosion that taults in the mountains of
Puerte Rice are commioniy nuirked by netches or viileys
(Monroe, Tusnb),

The best examples of falt-ine viilevs in Puerto Rico
are along the Rio La Venta, {0 km due north of Jayuva
(for exact ‘ucation, see ‘the Florida Quadrangle
tepographic or geologic maps, Nelson and Munroe.
1966). The ‘rend continues along several other vailevs
tewards the east-southeast. Al laces where the
movements along the fauit have brought into juxtaposi-
tion two Kinds of rock having different weathering and
erosion characteristics, the fault may be marked by a
fault-line scarp. The scuth wall of the valley of Rio La
Venta (Nelson and Monroe, 1966) and the other valleys
along the same trend show the characteristics of such a
fault-line scarp. Ferhaps the most prominent of such
fault-line scarps in Puerto Rico are the nearly straight
mountain fronts on the north side of the Rio Gurabo -
(Seiders, 1971b). which marks the line of the fault at the
south side of the Sierra Luguillo, and the scarp at the
north side of the Rio Anasco in northwestern Puerto

o .;.':.-.‘.“;' L et
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Atleast one is now partly submerged and fo

SUME TROFICAL LANDFORMS wuF PUERTO RICO

orms the reef ' places by eroded layers of ancient beach rock and

off the Condado section of San Juan, cunnecting parts of | . many places by ancient sea caves.

the ancient dune still above sea level at the forts of El
Morro and San Cristobal on the island of San Juan with
the eolianite hills at Punta Maldonado farther east. As
are the beaches, most of the eolianite is composed large-
ly of shell fragments. The dissolving action of the salt
spray of the ocean has carved the eolianite at places
along the shore into an intricate topography of sharp
spires and shallow basins (fig. 23) of a few centimeters
relief (Kaye 1959a).

EASTERN COASTAL PLAINS

The eastern coast of Puertu Rico consists of ruck:
headlands where the mourtains of the central Uplan.
plunge into the sea, between coastal lowlands compose
of sand and cobbles discharged by rivers from the

" uplands to the west brought to the coast by rivers

Because much of southeastern Puerto Rico consists ot
granodiorite and quartz diorite, rocks which weather to
clay and quartz sand, the beaches along this coast are

' made up largely of quartz sand and hence are firn.

‘beaches, generally lacking beachrock.

The beaches are shaped by long-shore currents. Thi:
effect is especially well shown at El Morillo at the

- southwestern end of Puerto de Humacao; the beach is

much wider south of the point at which a hill of volcanic
rock has been partly buried by sand piled up by current-
than it is to the north. This pattern is repeated at man:

~ places along the coast, such as Punta Fraile,

Beach ridges inland from the coast, especially near
Humacao, indicate recent growth of the coastal plair
into the sea. The larger rivers, such as Rio Humacao and
Rio Guayanés, that enter the sea along the.coast have
filled their valleys with thick deposits of sandy alluvium

. that provide a nearly unlimited store of underground

Fisi ke 23~ La.rg‘e solution pan dissolved in eohamte at Mar Chlquna. g
3 km north of Manati. 1

At several places in the northern Coastal Plains are
extensive deposits of white sand composed almost ex-
clusively of quartz. This sand was brought by rivers
from areas of quartz-bearing intrusive rock to the coast
where it was washed by the sea, and all clay, iron oxide,
and other impurities were removed; then it was blown
across the plain by the wind. Today it forms a surface of
alternating low hills and depressions—low dunes and
deflation hollows. The most extensive area of this white
dune sand is north of Highway 2 between Manati and
Vega Baja, south of Laguna Tortuguero. This sand has
been mined for use in making glass.

This is an appropriate place to mention the marine-cut
terrace at the northwest corner of Puerto Rico on which
an air force base was built, although the terrace is not
part of the Coastal Plains province. This plain was ap-
parently cut by the sea (Meyerhoff, 1938) at some time
in the past (Monroe, 1968) when sea level was about 80

m higher than it is now. Similar wave-cut terraces in the

Aguadilla area are found at several lower altitudes, |

especially at 40-50 m and at 10 m above sea level. All :

~along the northern coast, traces of a fossil beach can be ! !

found 4 m above present sea level, marked at most

water.

SOUTHERN COASTAL PLAINS

Whereas the northern Coastal Plains are character-
ized by sand beaches that pass landward into broad
playa plains of sand and clay, the southern Coasta!
Plains, particularly the part between Ponce and
Guayama, consists of a series of great alluvial fans of
poorly sorted clastic debris from the mountains to the
north. Nearly every stream or arroyo that reaches the
Coastal Plains ends in a fan, and the larger drainage
basins end in fans that have a radius of as much as 5 km.
All the fans have a noticeable though gentle slope from
the apex in all southerly directions. The fan of the Rio
Salinas (whose upstream name is Rio Majada) extends
from Coqui to Salinas and has its apex nearly as far
north as Sabana Llana. The large alluvial fan north of
Bahia de Jobos, farther east, shows exceptionally well

on the Central Aguirre Quadrangle (Berryhill, 1960)asa

set of very regular convex topographic contours.
Gravel and cobbles are so common in the sediments of
the alluvial fans that they become concentrated at the
strand line when finer material is washed away by
waves and currents. Hence, most of the beaches east of
Ponce are composed of cobbles. Large lagoons are less



on the soqthern coast than on the northern,
. Rahia e

Loun, as has

Jobos hus ihinost heen closed to furm
. aiready happened at the nearby Laguna
ias Mareas 1 Berrvhill, 1260) farther east. Coral reefs

v present all aiong the southern coast but are more

.ndant in the western part. Mangrove swamps line
ach of the cuast, and at places they are gradually
~ering coral reefs and killing the coral.

West of Ponce, the coast is duminated by sea cliffs,
-rgely of middle Tertiary limestone. These are inter- .
ipted, however, by several bays. At the eastern end of |
“is stretch of coast is the Bahia de Tallaboa, which hasa
rthern shoreline composed largely of sediment carried :
-+ the coast by the Rio Tallaboa. Action of the currents
as carried much of this sediment westward to form a
'ng spit known as Punta Guayanilla. The east side of
“is spit is composed of the clastic debris brought to the
-a by the Rio Tallaboa; the west side is mostly
rangrove swamp. This spit forms the east boundary of
be nearly land-locked Bahia de Guayanilla, into which
‘rain the Rio Guayanilla and the Rio Yauco. On the
~uthwest side of the bay is the rocky Puita Verraco,
ut the northern and western shores of the bay are com-
nsed of clastic debris carried to the sea by the rivers
'l are bordered at most places by mangrove swamps
v rocky head'ands. West of the Punta Verraco is the
cky cliff into which Punta Ventana (fig. 24) has been l
Jizsolved. ’

dissclved in Miocene
sestone at edge of Caribbean Sea, 6 km south-southwest of ,
Guayanilla. !

CHEC Y S o RATHIC DIVISTONY GF ERIOEICO

Y

West of Buhia de Guivamila, rocky hedlands altor
nate with small areas of coastal plain composed of clastie
debris and mangrove su amps. At the southwest corner
of Puerto Rico are the cumplex muitiple tembolos of
(Cabo Rojo in which a series of sandy beaches have heen
shaped by currents from the east and the north, enclos.
ing several lagoons and conrecting two rocky islands
with the mainland. North of Bahia Sucia are several
lagoons that have been modified into salt pans in which
feawater evaporates to form sea salt, sold commercially.

WESTERN COASTAL PLAINS

The west coast of Puerto Rico is much like the east
coast in that it consists of rocky headlands, where the
longitudinal mountain chains of Puerto Rico plunge into
the sea, transecting wide coastal plains, where the ma-
jor west-flowing rivers enter the sea. The alluvium
brought in by these rivers has been shaped by long-shore
currents into a number of cuspate beaches, some of
which have been extended beyond the lowland areas to
form narrow beaches at the foot of headlands. Mangrove
swamps. are common at the sides of and behind beach
deposits.

The north wall of the Anasco Valley is apparently a
faultline scarp that can be traced southeast to the Ponce
area (Cox and Briggs, 1973), but the fault itself is con-
cealed near Afasco by thick alluvial deposits of the Rio
Grande de Anasco. The beach of Bahia de Afasco has
advanced seaward a few hundred meters, as shown by
the beach ridges behind the present beach.

In contrast to the stony beaches of the south coast,

" those of the west coast are sandy, probably because the
. rivers feeding them are longer, less precipitous, and

carry more sand and fewer cobbles to the sea.

1.AJAS VALLEY

One of the most interesting geomorphologic features
in Puerto Rico is the Lajas Valley. Until the Pleistocene
Epoch this valley was a strait that separated Sierra
Bermeja and other hilly areas of southwest Puerto Rico

| from the main island. The valley is nearly flat; formerly
. a number of lakes or lagoons were present, but all have

been drained by canals except Laguna Cartagena. The

 highest divide in the valley is about 2 km east of Laguna
. Cartagena where Highway 308 crosses the valley at an

altitude of 13 m.; from this divide the surface slopes ir-
regularly both east toward the Rio Loco and west
toward Boquerén. The subsoil of the valley consists of a

" mass of alluvium, several hundred meters thick at some

places. .

Apparently the Lajas Valley was originally formed by
block faulting when the Sierra Bermeja was faulted up
from the main area of Puerto Rico and was tilted toward
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RECONNAISSANCE OF GROUND-WATER QUALITY
THROUGHOUT PUERTO RICO,
SEPTEMBER-OCTOBER 1981

Fernando Gomez-Gomez and Seneh Guzman-Rios

INTRODUCTION

The quality of ground water in the aquifers throughout Puerto Rico
1s one of the major knowledge gaps in the islands's hydrologic
environment. There are no active ground-water monitoring networks.
Previous data have been generated from areal studies conducted by the
U.S. Geological Survey and other agencies involved in water resources
investigations. This type of data are limited in scope and areal
extent, tailored to the particular investigation.

The demand for ground water in Puerto Rico has increased
dramatically during the last decade (Gémez-GSmez and Heisel, 1980).
This often results in overpumpage of wells. In coastal areas, seawater
encroachment has been detected (Dfaz, 1979). Contaminants can migrate
into aquifers from accidental spills, waste disposal, agricultural
practices or land application of wastes. The extent of contamination of
ground waters in the principal aquifers is not known. -

An Island-wide sampling of ground waters was conducted by the U.S.
Geological Survey, Water Resources Division, between September and
October 1981. The project, in cooperation with the Environmental
Quality Board of Puerto Rico, was designed to collect baseline physical,
chemical, and bacteriological data from selected wells and springs at
the principal aquifers throughout Puerto Rico. Emphasis was placed
in collecting samples from wells in the north coast limestone and. south
coast - alluvial water-table aquifers. These are the areas of more
intense ground-water development. '

METHODS AND PROCEDURES

Samples were collected from 57 selectsd wells and springs
throughout Puerto Rico (fig. 1). Methods described by Greeson and
others (1977), Skougstad and others (1979), and Goerlitz and others
© (1972) were used for collection and analyses of the samples. Field
determinations were made of pH, temperature, and total alkalinity (as
calcium carbonate, CaC0.,). Incubation of filtered samples for the
determination of total,”fecal, and fecal streptococci bacteria was begun
shortly after collection of the samples. Raw and filtered samples were
processed and preserved for further analyses (tables 1 thru 4), The
samples were analyzed at the U.S. Geological Survey, Water Resources
Division Central Laboratory in Doraville, Georgia. All parameters for
which analyses were conducted and concentrations determined are stored
in the U.S. Geological Survey's National Water Data Storage and
Retrieval System (WATSTORE).

U.8. GEOLOGICAL SURVEY
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EXPLANATION

Unconsolidated alluvial and old alluvial deposits. } QUATERNARY

REPO
Limestone ' } TERTIARY . Sodium, Ir
Massive andesitic tuffs , shales, and - Chloride, |
stratified ash and tuff, ‘
CRETACEOUS Fecal colt
Volcanic and igneous rocks, granitold Intrusives AND TERTIARY
including dlorites, quarts diorites, granites,
and other holocrystaline types. ' Figure*2.-=Concaentr:
8erpentine . } creTaceous? |

Figure 1.--Geologic formations and sampled sites.

, _ The September
RESULTS quality conditions
threats or problem:
of bacteria in wate
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Results of the field and laboratory analyses are summarized in

tables 1 thru 4. The following general conclusions can be derived from
the data: -

A first-time 1
provides a baseline
of the ground-wate:
monitoring and mor:

1. High salinity is the principal problem in ground waters
throughout Puerto Rico., Samples from wells in both the north
and south coast aquifers have high chloride concentratioms
(fig. 2). Three major sources are apparent: (a) seawater
intrusion, (b) concentration of salts from irrigation practices
and, (c) residual salts contained in various rock formations.

2. About one third of the sampled wells and springs were positive
for fecal coliform bacteria (fig. 2), an indicator of fecal matter
or sewage contamination. This indicates that domestic wastes now
discharged or infiltrating into the aquifers move within a short

period of time into areas tapped by water-supply wells or into the American Public He
source of springs. , Water Pollut
examination
3. The detection of trace organics at several wells indicates that Public Healt
more serious contamination of the aquifers could be occuring '
(tables 3 and 4). Additional sampling and more intense Brown, E., Skougst
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